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METHOD AND SYSTEM FOR SUPPORTING MULTIPLE SERVICE 
PROVIDERS WITHIN A SINGLE OPTICAL NETWORK 



STATEMENT REGARDING RELATED APPLICATIONS 

The present application is a continuation-in-part of non-provisional patent 

10 application entitled, "System and Method for Communicating Optical Signals 
Between A Data Service Provider and Subscribers," filed on July 5, 2001 and 
assigned U.S. Application Serial No. 09/899,410; and the present application claims 
priority to provisional patent application entitled, "Method of Providing for 
Transmission of Multiple Service Providers' Broadcast Signals," filed on October 30, 

1 5 2002 and assigned U.S. Application Serial No. 60/422, 1 54. 

TECHNICAL FIELD 

The present invention relates to video, voice, and data communications. More 
particularly, the present invention relates to a fiber-to-the-home (FTTH) system that is 
20 capable of supporting broadcast signals from multiple service providers over a single 
optical network. 

BACKGROUND OF THE INVENTION 

The increasing reliance on communication networks to transmit more complex 
25 data, such as voice and video traffic, is causing a very high demand for bandwidth. 

To resolve this demand for bandwidth, communications networks are relying upon 

optical fiber to transmit this complex data. Conventional communication 

architectures that employ coaxial cables are slowly being replaced with 

communication networks that comprise only fiber optic cables. One advantage that 
30 optical fibers have over coaxial cables is that a much greater amount of information 

can be carried on an optical fiber. 

Meanwhile, one problem that data service providers face when changing from 

coaxial cables to optical fibers is the expense of building their own optical network. 

Similar to traditional coaxial cable networks, in order for a service provider to 
35 compete with another service provider, it has been typical business practice for the 

service provider to build its own network relative to the network of the competing 

service provider. 



5 Instead of the service providers building their own separate optical networks, 

some municipalities have proposed constructing optical networks for their residents in 
which service providers could share the newly constructed optical networks. One 
proposed conventional way for service providers to share a municipal optical network 
is by using digital signals such as internet protocol (IP) packets to support data as well 

10 as voice and video services. 

For video services, transmitting video information in IP packets would require 
digital optical transmitters to modulate a digital optical carrier. Digital optical 
receivers would be needed to demodulate the digital optical carrier. And digital 
electrical receivers such as digital set top terminals (STTs) or boxes would be 

15 required to decipher the video services contained in the IP packets. Such set top 
boxes are expensive and make implementing an all digital optical network very cost 
prohibitive for both the municipality and the service providers. 

To eliminate the need of set top boxes to support digital video services, service 
providers could modulate analog optical carriers of different wavelengths with analog 

20 electrical Radio Frequency (RF) signals. Once the analog optical carriers are 
converted to the electrical domain at the subscriber location, a television (TV) set 
could easily process the video information from the electrical video signals without 
the need of a set top box. However, at least one problem exists when multiple service 
providers attempt to share an optical network using analog optical signals propagating 

25 at different wavelengths: Stimulated Raman Scattering (SRS). 

SRS can cause mutual interference between two broadcast signals occupying 
the same RF channel on different optical wavelengths on the same optical waveguide. 
SRS is typically made worse by longer optical waveguides and, effectively, by larger 
splitting ratios. SRS can create crosstalk between the two signals on different 

30 wavelengths. For analog TV applications, crosstalk manifests itself as a ghost image 
of the other signal in the best case, and as a beat (moving lines in the picture) in the 
worst and most common case. 

Accordingly, there is a need in the art for a system and method for 
communicating optical signals between a data service provider and a subscriber that 

35 can eliminate the effects of SRS when multiple data service providers are sharing a 
single optical network using optical carriers of different wavelengths. Another need 
exists in the art for supporting analog optical carriers of different wavelengths for 
large distances in an optical network in which numerous optical carriers can be split 
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5 several times. Another further need exists in the art for a method and system that can 
support both analog and digital optical carriers in order to provide video as well as 
data services such as internet connections and telephone services. 

SUMMARY OF THE INVENTION 

10 The present invention is generally drawn to a system and method for 

supporting signals from multiple service providers that can be propagated over a 
single optical network. More specifically, the present invention can include a method 
and system for supporting electrical broadcast signals from multiple service providers 
by using analog optical carriers. Unlike digital optical carriers that typically support 

15 data signals such as IP packets, analog optical carriers that can be demodulated or 
translated back into the electrical broadcast signals do not require additional and 
costly hardware for reception by a broadcast receiving device such as a television 
(TV) set. In other words, with the present invention, a TV set does not require 
significant digital hardware such as a digital set top box to allow the TV set to display 

20 broadcast signals from a desired service provider who is one of several service 
providers that may propagate broadcast signals over a single optical network. 

Broadcast signals can include, but are not limited, analog electrical radio- 
frequency (RF) signals as well as digital electrical broadcast signals that are 
modulated on to RF carriers. The digital electrical broadcast signals can comprise 

25 high definition television (HDTV) signals and other like signals. The analog 
electrical radio-frequency signals can comprise television signals as well as radio 
signals. 

The present invention can allow a plurality of competing service providers to 
offer data and video services to a subscriber over a single optical network. In this 

30 way, separate and competing service providers can use the same optical network in 
order to offer their services to subscribers. When a subscriber desires to change from 
a first service provider to a second service provider, the amount of hardware needed 
to complete this change in service can be minimized compared to that of 
conventional, separate optical networks that may support competing service 

35 providers. 

The method and system of the present invention can also reduce and even 
substantially eliminate the effects of Stimulated Raman Scattering (SRS) when 
service providers use analog optical carriers at different wavelengths on the same 
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5 optical waveguide. The present invention can reduce and even substantially eliminate 
the effects of SRS with a variety of methods and components that can make up the 
inventive system. 

For data services that are supported by a single digital optical carrier having a 
wavelength different from the analog optical carriers discussed above, the service 

10 providers can use time division multiplexing methods for sharing the single digital 
optical carrier. Two methods in combination with time division multiplexing methods 
that can be used to provide for multiple data service providers on a single optical 
carrier within a single optical network can include multinetting and source-based 
routing. These are understood by those skilled in the art. In multinetting, each 

15 subscriber optical interface located adjacent or within a subscriber's home may be 
assigned to a different multinet, along with the appropriate service providers router at 
the data service hub. In source-based routing, each subscriber data device attached to 
a subscriber optical interface can be assigned an IP address corresponding to the 
appropriate service provider 

20 

Summary of First Exemplary Aspect 

According to one exemplary aspect, a system and method can include a data 
service hub that has two separate service providers generating separate electrical 
broadcast signals. The electrical broadcast signals can modulate analog optical 

25 carriers operating at different wavelengths relative to each other. Each analog optical 
carrier can be propagated on its own separate optical waveguide when exiting the data 
service hub. At a threshold distance (or less than the threshold distance) and at a node 
that is spaced from the data service hub, the two analog optical carriers can be 
combined and propagated along a single optical waveguide. The node according to 

30 this exemplary aspect may or may not have hardware or software (or both) for 
supporting digital electrical data signals modulated on an optical carrier in addition to 
the electrical broadcast signals modulated on the analog optical carriers. In other 
words, the node according to one exemplary aspect may be simple in structure such as 
including only optical combiners and other like simple optical architectures. The 

35 analog optical signals propagating through the single optical waveguide can be 
divided as desired for communicating with different subscribers. 

A subscriber optical interface coupled to the single optical waveguide and 
attached to the dwelling of the subscriber can include a service provider selection 
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5 device that can select one of the analog optical carriers. According to this exemplary 
aspect, the service provider selection device can comprise an optical filter that passes 
analog optical carriers of a first wavelength and rejects analog optical carriers of a 
second wavelength or vice versa. 

Summary of Second Exemplary Aspect 

According to a second exemplary aspect, a system and method can include a 
data service hub that has two separate service providers generating separate electrical 
broadcast signals. One of the service providers can use block conversion to generate 
its electrical broadcast signals. The electrical broadcast signals can modulate analog 
optical carriers operating at different wavelengths relative to each other. The analog 
optical carriers can be combined before exiting the data service hub and can be 
propagated along a single optical waveguide upon exiting the data service hub. The 
analog optical signals propagating through the single optical waveguide can be 
divided as desired for communicating with different subscribers. 

A subscriber optical interface coupled to the single optical waveguide and 
attached to the dwelling of the subscriber can include a service provider selection 
device that can select one of the analog optical carriers. According to this exemplary 
aspect, the service provider selection device can comprise a block converter and an 
optical filter that passes analog optical carriers of a first wavelength and rejects analog 
optical carriers of a second wavelength or vice versa. 

Summary of Third Exemplary Aspect 

According to a third exemplary aspect, a system and method can include a 
data service hub that has two separate service providers generating separate electrical 
30 broadcast signals. One of service providers can use block conversion to generate its 
electrical broadcast signals. The electrical broadcast signals can be first combined 
and then can be used to modulate a single analog optical carrier. The analog optical 
carrier can be propagated along a single optical waveguide upon exiting the data 
service hub. The analog optical signals propagating through the single optical 
35 waveguide can be divided as desired for communicating with different subscribers. 

A subscriber optical interface coupled to the single optical waveguide and 
attached to the dwelling of the subscriber can include a service provider selection 
device that can select one of the analog optical carriers. According to this exemplary 
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5 aspect, the service provider selection device can comprise a block converter and an 
optical filter that passes analog optical carriers of a first wavelength and rejects analog 
optical carriers of a second wavelength or vice versa. 

Summary of Fourth Exemplary Aspect 

10 According to a fourth exemplary aspect, a system and method can include a 

data service hub that has two separate service providers generating separate analog 
electrical broadcast signals. The two service providers can also each generate 
separate digital electrical broadcast signals. The analog electrical broadcast signals of 
a first service provider can be generated with a higher amplitude within a lower 

15 portion of a frequency spectrum. The digital electrical broadcast signals of the first 
service provider can be generated with a lower amplitude relative to the analog 
electrical broadcast signals and within an upper portion of the frequency spectrum. 

Meanwhile, the analog electrical broadcast signals of a second service 
provider can be generated with a higher amplitude and within the upper portion of the 

20 frequency spectrum, which is opposite to the digital electrical broadcast signals of the 
first service provider. The digital electrical broadcast signals of the second service 
provider can be generated with a lower amplitude relative to the analog electrical 
broadcast signals within a lower portion of the frequency spectrum, which is opposite 
to the digital signals of the first service provider. 

25 The digital and analog electrical broadcast signals of each provider can 

modulate an analog optical carrier operating at a different wavelength relative to other 
analog optical carriers. The different analog optical carriers can be combined before 
exiting the data service hub and can be propagated along a single optical waveguide 
upon exiting the data service hub. 

30 A subscriber optical interface coupled to the single optical waveguide and 

attached to the dwelling of the subscriber can include a service provider selection 
device that can select one of the analog optical carriers. According to this exemplary 
aspect, the service provider selection device can comprise an optical filter that passes 
analog optical carriers of a first wavelength and rejects analog optical carriers of a 

35 second wavelength or vice versa. 
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5 Summary of Fifth and Sixth Exemplary Aspects 

According to a fifth and sixth exemplary aspect, a system and method can 
include a data service hub that has two separate service providers generating separate 
analog electrical broadcast signals. According to the fifth aspect, both service 
providers can use a phase lock system to generate their analog electrical broadcast 
10 signals. According to the sixth aspect, both service providers can use a carrier offset 
system to generate their analog electrical broadcast signals. 

For both aspects, the analog electrical broadcast signals can modulate analog 
optical carriers operating at different wavelengths relative to each other. The analog 
optical carriers can be combined before exiting the data service hub and can be 
15 propagated along a single optical waveguide upon exiting the data service hub. The 
analog optical signals propagating through the single optical waveguide can be 
divided as desired for communicating with different subscribers. 

A subscriber optical interface coupled to the single optical waveguide and 
attached to the dwelling of the subscriber can include a service provider selection 
20 device that can select one of the analog optical carriers. According to this exemplary 
aspect, the service provider selection device can comprise an optical filter that passes 
analog optical carriers of a first wavelength and rejects analog optical carriers of a 
second wavelength or vice versa. 

25 Summary of Seventh Exemplary aspect 

According to a seventh exemplary aspect, a plurality of service providers can 
be interconnected in an optical ring architecture where single optical waveguides can 
support the optical signals of the plurality of service providers. The optical ring can 
comprise optical waveguides supporting optical signals using one or more of the 

30 techniques discussed above with respect to the first through sixth exemplary aspects. 

Summary of Data Services for each exemplary aspect 

In combination with each exemplary aspect discussed above, the service 
providers can use time division multiplexing methods for sharing a digital optical 
35 carrier for upstream and downstream data communications. Two methods in 
combination with time division multiplexing that can be used to provide for multiple 
digital data service providers on a single optical network include multinetting and 
source-based routing. These are understood by those skilled in the art. It is also 
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5 recognized that the service providers generating the electrical broadcast signals could 
be different from the service providers generating the electrical digital signals for 
data. In other words, a first service provider could provide broadcast services to a 
subscriber while a second service provider could provide data services and a third 
service provider could provide voice services. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a functional block diagram of some core components of an 
exemplary optical network architecture according to an exemplary embodiment of the 
present convention that can support multiple service providers. 
15 Figure 2 is a functional block diagram illustrating additional aspects of an 

exemplary optical network architecture according to an exemplary embodiment of the 
present invention. 

Figure 3 is a functional block diagram illustrating an exemplary data service 
hub according to an exemplary embodiment of the present invention. 
20 Figure 4 is a functional block diagram illustrating an exemplary laser 

transceiver node according to an exemplary embodiment of the present invention. 

Figure 5 is a functional block diagram illustrating an optical tap coupled to a 
subscriber optical interface according to an exemplary embodiment of the present 
invention. 

25 Figure 6A is a functional block diagram illustrating an optical network 

architecture in which analog optical carriers of respective service providers are 
propagated along separate optical waveguides deep into the network where the analog 
optical carriers are then combined according to a first exemplary embodiment of the 
present invention. 

30 Figure 6B is a graph illustrating an exemplary frequency spectrum of a first 

wavelength for a first analog optical carrier of a first service provider who may use 
the exemplary multiple service provider optical architecture illustrated in Figure 6A. 

Figure 6C is a graph illustrating an exemplary frequency spectrum of a second 
wavelength of a second analog optical carrier for a second service provider who may 

35 use the exemplary multiple service provider optical architecture illustrated in Figure 
6A. 
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5 Figure 6D a graph illustrating SRS-induced Carrier to Crosstalk Interference 

Ratio (CCIR) versus distance along an optical waveguide according to an exemplary 
embodiment of the present invention. 

Figure 7A is a functional block diagram illustrating an optical network 
architecture in which electrical broadcast signals are generated with block conversion 

10 and then modulated onto analog optical carriers which are combined at the data 
service hub so that the analog optical carriers are propagated along a single optical 
waveguide according to a second exemplary embodiment of the present invention. 

Figure 7B is a graph illustrating an exemplary frequency spectrum of a first 
wavelength for a first analog optical carrier of a first service provider who may use 

1 5 the exemplary multiple service provider optical architecture illustrated in Figure 7A. 

Figure 7C is a graph illustrating an exemplary frequency spectrum of a second 
wavelength of a second analog optical carrier for a second service provider who may 
use block conversion and the exemplary multiple service provider optical architecture 
illustrated in Figure 7A. 

20 Figure 8A is a functional block diagram illustrating an optical network 

architecture in which electrical broadcast signals are generated with block conversion 
and combined and then modulated onto a single analog optical carrier which is 
propagated along a single optical waveguide according to a third exemplary 
embodiment of the present invention. 

25 Figure 8B is a graph illustrating an exemplary frequency spectrum of an 

analog optical carrier that supports signals of a first and second service provider 
through block conversion as illustrated in the exemplary multiple service provider 
optical architecture illustrated in Figure 8A. 

Figure 9A is a functional block diagram illustrating an optical network 

30 architecture in which electrical broadcast signals are generated such that frequency 
spectrums of each optical carrier complement each other and are then modulated onto 
analog optical carriers which are combined at the data service hub so that the analog 
optical carriers are propagated along a single optical waveguide according to a fourth 
exemplary embodiment of the present invention. 

35 Figure 9B is a graph illustrating an exemplary frequency spectrum of a first 

wavelength for a first analog optical carrier of a first service provider who may use 
the exemplary multiple service provider optical architecture illustrated in Figure 9A. 
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5 Figure 9C is a graph illustrating an exemplary frequency spectrum of a second 

wavelength of a second analog optical carrier for a second service provider who may 
use the exemplary multiple service provider optical architecture illustrated in Figure 
9A. 

Figure 10 is a functional block diagram illustrating an optical network 

10 architecture in which electrical broadcast signals are generated with a phase lock and 
then modulated onto analog optical carriers which are combined at the data service 
hub so that the analog optical carriers are propagated along a single optical waveguide 
according to a fifth exemplary embodiment of the present invention. 

Figure 11 is a functional block diagram illustrating an optical network 

15 architecture in which electrical broadcast signals are generated with a carrier offset 
and then modulated onto analog optical carriers which are combined at the data 
service hub so that the analog optical carriers are propagated along a single optical 
waveguide according to a sixth exemplary embodiment of the present invention. 

Figure 12 is a functional block diagram illustrating a ring optical network 

20 architecture according to a seventh exemplary embodiment of the present invention. 

Figure 13 is a logic flow diagram illustrating an exemplary method for 
supporting multiple service providers with respective analog optical carriers 
propagated at different wavelengths on a single optical network using separate optical 
waveguides deep in the network according to the first exemplary embodiment of the 

25 present invention illustrated in Figure 6. 

Figure 14 is a logic flow diagram illustrating an exemplary method for 
supporting multiple service providers on a single optical network using block 
conversion and a shared, single optical waveguide according to the second exemplary 
embodiment of the present invention illustrated in Figure 7. 

30 Figure 15 is a logic flow diagram illustrating an exemplary method for 

supporting multiple service providers on a single optical network using block 
conversion and a single analog optical carrier propagated over a shared, single optical 
waveguide according to the third exemplary embodiment of the present invention 
illustrated in Figure 8. 

35 Figure 16 is a logic flow diagram illustrating an exemplary method for 

supporting multiple service providers on a single optical network using frequency 
coordination and optical carriers with different wavelengths that are propagated over a 

-10- 



5 shared, single optical waveguide according to the fourth exemplary embodiment of 
the present invention illustrated in Figure 9. 

Figure 17 is a logic flow diagram illustrating an exemplary method for 
supporting multiple service providers on a single optical network using a phase lock 
system and optical carriers with different wavelengths that are propagated over a 
10 shared, single optical waveguide according to the fifth exemplary embodiment of the 
present invention illustrated in Figure 10. 

Figure 18 is a logic flow diagram illustrating an exemplary method for 
supporting multiple service providers on a single optical network using a carrier offset 
system and optical carriers with different wavelengths that are propagated over a 
1 5 shared, single optical waveguide according to the sixth exemplary embodiment of the 
present invention illustrated in Figure 1 1 . 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE 
INVENTION 

20 A method and system communicates analog video signals from multiple 

service providers to subscribers by using analog optical carriers. Unlike digital 
optical carriers that typically support digital video signals or data, analog optical 
carriers that can be demodulated or translated back into electrical broadcast signals do 
not require additional and costly hardware for reception by a broadcast receiving 

25 device such as a television (TV) set. 

With the present invention, a TV set does not require significant digital 
hardware such as a digital set top box to allow the TV set to view video signals from a 
desired service provider. Video signals from several different service providers may 
be propagated over a single optical network in the form of analog optical signals that 

30 are modulated with electrical broadcast signals. 

The present invention can allow a plurality of competing service providers to 
offer data and video services to a subscriber over a single optical network. In this 
way, separate and competing service providers can use the same optical network in 
order to offer their services to subscribers. 



-11- 



5 Exemplary Base Optical Architecture 

Referring now to the drawings, in which like numerals represent like elements 
throughout the several Figures, aspects of the present invention and the illustrative 
operating environment will be described. 

Figure 1 is a functional block diagram illustrating an exemplary optical 
10 network architecture 100 according to the present invention. The exemplary optical 
network architecture 100 comprises a data service hub 110 that houses two or more 
service providers 103. Each service provider 103 can comprise hardware or software 
(or both) that supplies any one of data and video services for subscribers. Further 
details of the data service hub 110 will be discussed in detail below with respect to 
15 Figure 3. 

The data service hub 1 10 is coupled to a plurality of outdoor laser transceiver 
nodes 120. The laser transceiver nodes 120, in turn, are each coupled to a plurality of 
optical taps 130. The optical taps 130 can be coupled to a plurality of subscriber 
optical interfaces 140. Coupled to each subscriber optical interface 140 can be a 

20 broadcast receiver 117 such as a television (TV) set. 

Between respective components of the exemplary optical network architecture 
100 are optical waveguides such as optical waveguides 150, 160, 170, and 180. The 
optical waveguides 150-180 are illustrated by arrows where the arrowheads of the 
arrows illustrate exemplary directions of data flow between respective components of 

25 the illustrative and exemplary optical network architecture 100. 

While only an individual laser transceiver node 120, an individual optical tap 
130, and an individual subscriber optical interface 140 are illustrated in Figure 1, as 
will become apparent from Figure 2 and its corresponding description, a plurality of 
laser transceiver nodes 120, optical taps 130, and subscriber optical interfaces 140 can 

30 be employed without departing from the scope and spirit of the present invention. 
Typically, in many of the exemplary embodiments of the multiple service provider 
system of the present invention, several subscriber optical interfaces 140 can be 
coupled to one or more optical taps 130. 

The outdoor laser transceiver node 120 can allocate additional or reduced 

35 bandwidth based upon the demand of one or more subscribers that use the subscriber 
optical interfaces 140. The outdoor laser transceiver node 120 can be designed to 
withstand outdoor environmental conditions and can be designed to hang on a strand 
or fit in a pedestal or "hand hole (underground vault)." The outdoor laser transceiver 
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5 node can operate in a temperature range between minus 40 degrees Celsius to plus 60 
degrees Celsius. The laser transceiver node 120 can operate in this temperature range 
by using passive cooling devices that do not consume power. 

Unlike the conventional routers disposed between the subscriber optical 
interface 140 and data service hub 110, the outdoor laser transceiver node 120 does 

10 not require active cooling and heating devices that control the temperature 
surrounding the laser transceiver node 120. The RF system of the present invention 
attempts to place more of the decision-making electronics at the data service hub 110 
instead of the laser transceiver node 120. Typically, the decision-making electronics 
are larger in size and produce more heat than the electronics placed in the laser 

15 transceiver node of the present invention. Because the laser transceiver node 120 
does not require active temperature controlling devices, the laser transceiver node 120 
lends itself to a compact electronic packaging volume that is typically smaller than the 
environmental enclosures of conventional routers. Further details of the components 
that make up the laser transceiver node 120 will be discussed in further detail below 

20 with respect to Figures 5, 6, and 7. 

In one exemplary embodiment of the present invention, three trunk optical 
waveguides 160, 170, and 180 (that can comprise optical fibers) can propagate optical 
signals from the data service hub 1 10 to the outdoor laser transceiver node 120. It is 
noted that the term "optical waveguide" used in the present application can apply to 

25 optical fibers, planar light guide circuits, and fiber optic pigtails and other like optical 
waveguide components that are used to form an optical architecture. 

A first optical waveguide 160 can carry downstream broadcast analog video 
and control signals. The analog signals can be carried in a traditional cable television 
format wherein the broadcast signals are modulated onto analog optical carriers with 

30 an optical transmitter (not shown in this Figure) in the data service hub 110. The first 
optical waveguide 160 can also carry upstream RF signals that are generated by 
respective video Broadcast receivers 117. 

A second optical waveguide 170 can carry upstream and downstream targeted 
services such as data and telephone services to be delivered to or received from one or 

35 more subscriber optical interfaces 140. In addition to carrying subscriber-specific 
optical signals, the second optical waveguide 170 can also propagate internet protocol 
broadcast packets, as is understood by those skilled in the art. 
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5 In one exemplary embodiment, a third optical waveguide 180 can transport 

data signals upstream from the outdoor laser transceiver node 120 to the data service 
hub 110. The optical signals propagated along the third optical waveguide 180 can 
also comprise data and telephone services received from one or more subscribers. 
Similar to the second optical waveguide 170, the third optical waveguide 180 can also 

10 carry IP broadcast packets, as is understood by those skilled in the art. 

The third or upstream optical waveguide 180 is illustrated with dashed lines to 
indicate that it is merely an option or part of one exemplary embodiment according to 
the present invention. In other words, the third optical waveguide 180 can be 
removed. In another exemplary embodiment, the second optical waveguide 170 

15 propagates optical signals in both the upstream and downstream directions as is 
illustrated by the double arrows depicting the second optical waveguide 170. 

In such an exemplary embodiment where the second optical waveguide 170 
propagates bidirectional optical signals, only two optical waveguides 160, 170 would 
be needed to support the optical signals propagating between the data server's hub 

20 1 10 in the outdoor laser transceiver node 120. In another exemplary embodiment (not 
shown), a single optical waveguide can be the only link between the data service hub 
110 and the laser transceiver node 120. In such a single optical waveguide 
embodiment, three different wavelengths can be used for the upstream and 
downstream signals. Alternatively, bi-directional data could be modulated on one 

25 wavelength. 

In one exemplary embodiment, the optical tap 130 can comprise an 8-way 
optical splitter. This means that the optical tap 130 comprising an 8-way optical 
splitter can divide downstream optical signals eight ways to serve eight different 
subscriber optical interfaces 140. In the upstream direction, the optical tap 130 can 

30 combine the optical signals received from the eight subscriber optical interfaces 140. 

In another exemplary embodiment, the optical tap 130 can comprise a 4-way 
splitter to service four subscriber optical interfaces 140. Yet in another exemplary 
embodiment, the optical tap 130 can further comprise a 4-way splitter that is also a 
pass-through tap meaning that a portion of the optical signal received at the optical tap 

35 130 can be extracted to serve the 4-way splitter contained therein while the remaining 
optical energy is propagated further downstream to another optical tap or another 
subscriber optical interface 140. 
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5 The present invention is not limited to 4-way and 8-way optical splitters. 

Other optical taps having fewer or more than 4-way or 8-way splits are not beyond the 
scope of the present invention. The outdoor laser transceiver node 120, the optical tap 
130, and the optical waveguide disposed between the laser transceiver node and the 
optical tap 130 can form and can be referred to as a proximate optical network 135 

10 that is close to subscribers. 

Referring now to Figure 2, this Figure is a functional block diagram 
illustrating an exemplary optical network architecture 100 that further includes 
subscriber groupings 200 that correspond with a respective outdoor laser transceiver 
node 120. Figure 2 illustrates the diversity of the exemplary optical network 

15 architecture 100 where a number of optical waveguides 150 coupled between the 
outdoor laser transceiver node 120 and the optical taps 130 is minimized. Figure 2 
also illustrates the diversity of subscriber groupings 200 that can be achieved with the 
optical tap 130. 

Each optical tap 130 can comprise an optical splitter. The optical tap 130 

20 allows multiple subscriber optical interfaces 140 to be coupled to a single optical 
waveguide 150 that is coupled to the outdoor laser transceiver node 120. In one 
exemplary embodiment, six optical fibers 150 are designed to be coupled to the 
outdoor laser transceiver node 120. Through the use of the optical taps 130, sixteen 
subscribers can be assigned to each of the six optical fibers 150 that are coupled to the 

25 outdoor laser transceiver node 120. 

In another exemplary embodiment, twelve optical fibers 150 can be coupled to 
the outdoor laser transceiver node 120 while eight subscriber optical interfaces 140 
are assigned to each of the twelve optical fibers 150. Those skilled in the art will 
appreciate that the number of subscriber optical interfaces 140 assigned to a particular 

30 waveguide 150 that is coupled between the outdoor laser transceiver node 120 and a 
subscriber optical interface 140 (by way of the optical tap 130) can be varied or 
changed without departing from the scope and spirit of the present invention. Further, 
those skilled in the art recognize that the actual number of subscriber optical 
interfaces 140 assigned to the particular fiber optic cable is dependent upon the 

35 amount of power available on a particular optical fiber 150. 

As depicted in subscriber grouping 200, many configurations for supplying 
communication services to subscribers are possible. For example, while optical tap 
130 A can connect subscriber optical interfaces 140 A i through subscriber optical 
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5 interface 140 an to the outdoor laser transmitter node 120, optical tap 130 A can also 
connect other optical taps 130 such as optical tap 130an to the laser transceiver node 
120. The combinations of optical taps 130 with other optical taps 130 in addition to 
combinations of optical taps 130 with subscriber optical interfaces 140 are limitless. 
With the optical taps 130, concentrations of distribution optical waveguides 150 at the 

10 laser transceiver node 120 can be reduced. Additionally, the total amount of fiber 
needed to service a subscriber grouping 200 can also be reduced. 

With the active laser transceiver node 120 of the present invention, the 
distance between the laser transceiver node 120 and the data service hub 110 can 
comprise a range between 0 and 80 kilometers. However, the present invention is not 

1 5 limited to this range. Those skilled in the art will appreciate that this range can be 
expanded by selecting various off-the-shelf components that make up several of the 
devices of the present system. 

Those skilled in the art will appreciate that other configurations of the optical 
waveguides disposed between the data service hub 110 and outdoor laser transceiver 

20 node 120 are not beyond the scope of the present invention. Because of the bi- 
directional capability of optical waveguides, variations in the number and directional 
flow of the optical waveguides disposed between the data service hub 110 and the 
outdoor laser transceiver node 1 20 can be made without departing from the scope and 
spirit of the present invention. 

25 Referring now to Figure 3, this functional block diagram illustrates an 

exemplary data service hub 110 of the present invention for an individual service 
provider. If an optical network supports another individual service provider within 
the data service hub 110 as illustrated in Figure 3, then all of the components 
illustrated in Figure 3 would be replicated to support the other service provider. That 

30 is, each service provider would include its own modulators 310, 315, an internet 
router 340, a telephone switch 345, laser transceiver node routing device 355, and 
optical transmitters 325 and receivers 370. 

For data services that will be modulated on a single digital optical carrier by 
time division multiplexed electrical digital data signals received from different service 

35 providers, the service providers can share much of the equipment illustrated in Figure 
3. That is, equipment between the laser transceiver node routing device 355 and the 
ports 365 and including the laser transceiver node routing device 355 can have inputs 
for each service provider (not shown in Figure 3). 
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5 The exemplary data service hub 110 illustrated in Figure 3 is also designed for 

a two trunk optical waveguide system. That is, this data service hub 1 1 0 of Figure 3 
is designed to send and receive optical signals to and from the outdoor laser 
transceiver node 120 along the first optical waveguide 160. With this exemplary 
embodiment, only the second optical waveguide 170 supports bi-directional data flow. 

10 In this way, the third optical waveguide 1 80 discussed above is not needed. 

The data service hub 110 can comprise one or more modulators 310, 315 that 
are designed to support television broadcast services. The one or more modulators 
310, 315 can be analog or digital type modulators. In one exemplary embodiment, 
there can be at least 78 modulators present in the data service hub 110. Those skilled 

15 in the art will appreciate that the number of modulators 310, 315 can be varied 
without departing from the scope and spirit of the present invention. 

The signals from the modulators 310, 315 are combined in a first combiner 
320. The combined video services controller signals and broadcast video signals are 
supplied to an optical transmitter 325 where these signals are converted into optical 

20 form. 

Those skilled in the art will recognize that a number of variations of this signal 
flow are possible without departing from the scope and spirit of the present invention. 
For example, some portion of the video signals may be generated and converted to 
optical form at a remote first data service hub 110. At a second data service hub 110, 
25 they may be combined with other signals generated locally. 

The optical transmitter 325 can comprise one of Fabry-Perot (F-P) Laser 
Transmitters, distributed feedback lasers (DFBs), or Vertical Cavity Surface Emitting 
Lasers (VCSELs). However, other types of optical transmitters are possible and are 
not beyond the scope of the present invention. With the aforementioned optical 
30 transmitters 325, the data service hub 110 lends itself to efficient upgrading by using 
off-the-shelf hardware to generate optical signals. 

The optical signals generated by the optical transmitter 325 are propagated to 
amplifier 330 such as an Erbium Doped Fiber Amplifier (EDFA) where the optical 
signals are amplified. The amplified optical signals are then propagated out of the 
35 data service hub 110 via a video signal input / output port 335 which is coupled to one 
or more first optical waveguides 160. 

The data service hub 110 illustrated in Figure 3 can further comprise an 
Internet router 340. The data service hub 1 10 can further comprise a telephone switch 
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5 345 that supports telephony service to the subscribers of the optical network system 
100. However, other telephony service such as Internet Protocol telephony can be 
supported by the data service hub 110. If only Internet Protocol telephony is 
supported by the data service hub 110, then it is apparent to those skilled in the art 
that the telephone switch 345 could be eliminated in favor of lower cost VoIP 

10 equipment. For example, in another exemplary embodiment (not shown), the 
telephone switch 345 could be substituted with other telephone interface devices such 
as a soft switch and gateway. But if the telephone switch 345 is needed, it may be 
located remotely from the data service hub 110 and can be coupled through any of 
several conventional methods of interconnection. 

15 The data service hub 110 can further comprise a logic interface 350 that is 

coupled to a laser transceiver node routing device 355. The logic interface 350 can 
comprise a Voice over Internet Protocol (VoIP) gateway when required to support 
such a service. The laser transceiver node routing device 355 can comprise a 
conventional router that supports an interface protocol for communicating with one or 

20 more laser transceiver nodes 120. This interface protocol can comprise one of gigabit 
or faster Ethernet, Internet Protocol (IP) or SONET protocols. However, the present 
invention is not limited to these protocols. Other protocols can be used without 
departing from the scope and spirit of the present invention. 

The logic interface 350 and laser transceiver node routing device 355 can read 

25 packet headers originating from the laser transceiver nodes 120 and the internet router 
340. The logic interface 350 can also translate interfaces with the telephone switch 
345. After reading the packet headers, the logic interface 350 and laser transceiver 
node routing device 355 can determine where to send the packets of information. 

The laser transceiver node routing device 355 can also supply downstream 

30 data signals to respective optical transmitters 325. The data signals converted by the 
optical transmitters 325 can then be propagated to a bi-directional splitter 360. The 
optical signals sent from the optical transmitter 325 into the bi-directional splitter 360 
can then be propagated towards a bi-directional data input/output port 365 that is 
coupled to a second optical waveguide 170 that supports bi-directional optical data 

35 signals between the data service hub 110 and a respective laser transceiver node 120. 

Upstream optical signals received from a respective laser transceiver node 120 
can be fed into the bi-directional data input/output port 365 where the optical signals 
are then forwarded to the bi-directional splitter 360. From the bi-directional splitter 
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5 360, respective optical receivers 370 can convert the upstream optical signals into the 
electrical domain. The upstream electrical signals generated by respective optical 
receivers 370 are then fed into the laser transceiver node routing device 355. As 
noted above, each optical receiver 370 can comprise one or more photoreceptors or 
photodiodes that convert optical signals into electrical signals. 

10 When distances between the data service hub 110 and respective laser 

transceiver nodes 120 are modest, the optical transmitters 325 can propagate optical 
signals at 1310 nm. But where distances between the data service hub 110 and the 
laser transceiver node are more extreme, the optical transmitters 325 can propagate 
the optical signals at wavelengths of 1550 nm with or without appropriate 

1 5 amplification devices . 

According to one exemplary embodiment, most of the data services are 
transported by a digital optical carrier having a wavelength of 1310 nm. Meanwhile, 
the broadcast services are transported by analog optical carriers in the 1550 nm 
wavelength region. An optical diplexer 515 (discussed below and illustrated in Figure 

20 5) will separate the digital optical carrier from the one or more analog optical carriers 
according to the carriers respective wavelength. 

Those skilled in the art will appreciate that the selection of optical transmitters 
325 for each circuit may be optimized for the optical path lengths needed between the 
data service hub 110 and the outdoor laser transceiver node 120. Further, those 

25 skilled in the art will appreciate that the wavelengths discussed are practical but are 
only illustrative in nature. In some scenarios, it may be possible to use 
communication windows at 1310 and 1550 nm in different ways without departing 
from the scope and spirit of the present invention. Further, the present invention is 
not limited to a 1310 and 1550 nm wavelength regions. Those skilled in the art will 

30 appreciate that smaller or larger wavelengths for the optical signals are not beyond the 
scope and spirit of the present invention. 

Referring now to Figure 4, this Figure illustrates a functional block diagram of 
an exemplary outdoor laser transceiver node 120 of the present invention. In this 
exemplary embodiment, the laser transceiver node 120 can comprise an optical signal 

35 input port 405 that can receive optical signals propagated from the data service hub 
110 that are propagated along a first optical waveguide 160. The optical signals 
received at the optical signal input port 405 can comprise downstream broadcast video 
data. 
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5 It is noted that according to one or more exemplary embodiments, the outdoor 

laser transceiver node 120 may comprise an optical combiner 610 (not illustrated in 
Figure 4 but illustrated in Figure 6). The optical combiner can comprise a wavelength 
division multiplexer (WDM) and can be used to combine analog optical carriers of 
different wavelengths that are propagated along separate optical waveguides 160 to 

10 the laser transceiver node 160. Further details of such an exemplary embodiment will 
be discussed below with respect to Figure 6. 

The downstream broadcast video data can also comprise downstream video 
service control signals. The downstream broadcast video data is typically modulated 
on an analog optical carrier as will be discussed in further detail below with respect to 

15 Figures 6-11. 

The downstream optical signals received at the input port 405 are propagated 
through an amplifier 410 such as an Erbium Doped Fiber Amplifier (EDFA) in which 
the optical signals are amplified. The amplified optical signals are then propagated to 
an optical splitter 415 that divides the downstream broadcast video optical signals 

20 (that may also include video service control signals if sent on modulated carriers) 
among diplexers 420 that are designed to forward optical signals to predetermined 
subscriber groups 200. 

The laser transceiver node 120 can further comprise a bi-directional optical 
signal input/output port 425 that connects the laser transceiver node 120 to a second 

25 optical waveguide 1 70 that supports bi-directional data flow between the data service 
hub 110 and laser transceiver node 120. Downstream optical signals flow through the 
bi-directional optical signal input/output port 425 to an optical waveguide transceiver 
430 that converts downstream optical signals into the electrical domain. 

The optical waveguide transceiver 430 further converts upstream electrical 

30 signals into the optical domain. The optical waveguide transceiver 430 can comprise 
an optical/electrical converter and an electrical/optical converter. Downstream and 
upstream electrical signals are communicated between the optical waveguide 
transceiver 430 and an optical tap routing device 435. 

The optical tap routing device 435 can manage the interface with the data 

35 service hub optical signals and can route or divide or apportion the data service hub 
signals according to individual tap multiplexers 440 that communicate optical signals 
with one or more optical taps 130 and ultimately one or more subscriber optical 
interfaces 140. It is noted that tap multiplexers 440 operate in the electrical domain to 
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5 modulate laser transmitters in order to generate optical signals that are assigned to 
groups of subscribers coupled to one or more optical taps. 

Optical tap routing device 435 is notified of available upstream data packets 
and upstream RF packets as they arrive, by each tap multiplexer 440. The optical tap 
routing device is coupled to each tap multiplexer 440 to receive these upstream data 

10 and RF packets. The optical tap routing device 435 can relay upstream video control 
return packets and information packets that can comprise data and/or telephony 
packets to the data service hub 110 via the optical waveguide transceiver 430 and 
bidirectional optical signal input/output 425. The optical tap routing device 435 can 
build a lookup table from these upstream data packets coming to it from all tap 

15 multiplexers 440 (or ports), by reading the source IP address of each packet, and 
associating it with the tap multiplexer 440 through which it came. 

The aforementioned lookup table can be used to route packets in the 
downstream path. As each downstream data packet comes in from the optical 
waveguide transceiver 430, the optical tap routing device looks at the destination IP 

20 address (which is the same as the source IP address for the upstream packets). From 
the lookup table the optical tap routing device 435 can determine which port (or, tap 
multiplexer 440) is coupled to that IP address, so it sends the packet to that port. This 
can be described as a normal layer 3 router function as is understood by those skilled 
in the art. 

25 The optical tap routing device 435 can assign multiple subscribers to a single 

port. More specifically, the optical tap routing device 435 can service groups of 
subscribers with corresponding respective, single ports. The optical taps 130 coupled 
to respective tap multiplexers 440 can supply downstream optical signals to pre- 
assigned groups of subscribers who receive the downstream optical signals with the 

30 subscriber optical interfaces 140. 

In other words, the optical tap routing device 435 can determine which tap 
multiplexers 440 is to receive a downstream electrical signal, or identify which tap 
multiplexer 440 propagated an upstream optical signal (that is received as an electrical 
signal). The optical tap routing device 435 can format data and implement the 

35 protocol required to send and receive data from each individual subscriber coupled to 
a respective optical tap 130. The optical tap routing device 435 can comprise a 
computer or a hardwired apparatus that executes a program defining a protocol for 
communications with groups of subscribers assigned to individual ports. Exemplary 
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5 embodiments of programs defining the protocol is discussed in the following 
copending and commonly assigned non-provisional patent applications, the entire 
contents of which are hereby incorporated by reference: "Method and System for 
Processing Downstream Packets of an Optical Network," filed on October 26, 2001 in 
the name of Stephen A. Thomas et al. and assigned U.S. Serial No. 10/045,652; and 

10 "Method and System for Processing Upstream Packets of an Optical Network," filed 
on October 26, 2001 in the name of Stephen A. Thomas et al. and assigned U.S. 
Serial No. 10/045,584. 

The single ports of the optical tap routing device 435 are coupled to respective 
tap multiplexers 440. With the optical tap routing device 435, the laser transceiver 

15 node 120 can adjust a subscriber's bandwidth on a subscription basis or on an as- 
needed or demand basis. The laser transceiver node 120 via the optical tap routing 
device 435 can offer data bandwidth to subscribers in pre-assigned increments. For 
example, the laser transceiver node 120 via the optical tap routing device 435 can 
offer a particular subscriber or groups of subscribers bandwidth in units of 1, 2, 5, 10, 

20 20, 50, 100, 200, and 450 Megabits per second (Mb/s). Those skilled in the art will 
appreciate that other subscriber bandwidth units are not beyond the scope of the 
present invention. 

Electrical signals are communicated between the optical tap routing device 
435 and respective tap multiplexers 440. The tap multiplexers 440 propagate optical 

25 signals to and from various groupings of subscribers by way of laser optical 
transmitter 525 and laser optical receiver 370. Each tap multiplexer 440 is coupled to 
a respective optical transmitter 325. As noted above, each optical transmitter 325 can 
comprise one of a Fabry-Perot (F-P) laser, a distributed feedback laser (DFB), or a 
Vertical Cavity Surface Emitting Laser (VCSEL). The optical transmitters produce 

30 the downstream optical signals that are propagated towards the subscriber optical 
interfaces 140. Each tap multiplexer 440 is also coupled to an optical receiver 370. 
Each optical receiver 370, as noted above, can comprise photoreceptors or 
photodiodes. Since the optical transmitters 325 and optical receivers 370 can 
comprise off-the-shelf hardware to generate and receive respective optical signals, the 

35 laser transceiver node 120 lends itself to efficient upgrading and maintenance to 
provide significantly increased data rates. 

Each optical transmitter 325 and each optical receiver 370 are coupled to a 
respective bi-directional splitter 360. Each bi-directional splitter 360 in turn is 
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5 coupled to a diplexer 420 which combines the unidirectional optical signals received 
from the splitter 415 with the downstream optical signals received from respective 
optical receivers 370. In this way, broadcast video services as well as data services 
can be supplied with a single optical waveguide such as a distribution optical 
waveguide 150 as illustrated in Figure 2. In other words, optical signals can be 

10 coupled from each respective diplexer 420 to a combined signal input/output port 445 
that is coupled to a respective distribution optical waveguide 150. 

Unlike the conventional art, the laser transceiver node 120 does not employ a 
conventional router. The components of the laser transceiver node 120 can be 
disposed within a compact electronic packaging volume. For example, the laser 

15 transceiver node 120 can be designed to hang on a strand or fit in a pedestal similar to 
conventional cable TV equipment that is placed within the "last," mile or subscriber 
proximate portions of a network. It is noted that the term, "last mile," is a generic 
term often used to describe the last portion of an optical network that connects to 
subscribers. 

20 Also because the optical tap routing device 435 is not a conventional router, it 

does not require active temperature controlling devices to maintain the operating 
environment at a specific temperature. Optical tap routing device 435 does not need 
active temperature controlling devices because it can be designed with all 
temperature-rated components. In other words, the laser transceiver node 120 can 

25 operate in a temperature range between minus 40 degrees Celsius to 60 degrees 
Celsius in one exemplary embodiment. 

While the laser transceiver node 120 does not comprise active temperature 
controlling devices that consume power to maintain temperature of the laser 
transceiver node 120 at a single temperature, the laser transceiver node 120 can 

30 comprise one or more passive temperature controlling devices 450 that do not 
consume power. The passive temperature controlling devices 450 can comprise one 
or more heat sinks or heat pipes that remove heat from the laser transceiver node 120. 
Those skilled in the art will appreciate that the present invention is not limited to these 
exemplary passive temperature controlling devices. Further, those skilled in the art 

35 will also appreciate the present invention is not limited to the exemplary operating 
temperature range disclosed. With appropriate passive temperature controlling 
devices 450, the operating temperature range of the laser transceiver node 120 can be 
reduced or expanded. 
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5 In addition to the laser transceiver node's 120 ability to withstand harsh 

outdoor environmental conditions, the laser transceiver node 120 can also provide 
high speed symmetrical data transmissions. In other words, the laser transceiver node 
120 can propagate the same bit rates downstream and upstream to and from a network 
subscriber. This is yet another advantage over conventional networks, which 

10 typically cannot support symmetrical data transmissions as discussed in the 
background section above. Further, the laser transceiver node 120 can also serve a 
large number of subscribers while reducing the number of connections at both the 
data service hub 110 and the laser transceiver node 120 itself. 

The laser transceiver node 120 also lends itself to efficient upgrading that can 

15 be performed entirely on the network side or data service hub 110 side. That is, 
upgrades to the hardware forming the laser transceiver node 120 can take place in 
locations between and within the data service hub 110 and the laser transceiver node 
120. This means that the subscriber side of the network (from distribution optical 
waveguides 150 to the subscriber optical interfaces 140) can be left entirely in-tact 

20 during an upgrade to the laser transceiver node 120 or data service hub 1 10 or both. 

The following is provided as an example of an upgrade that can be employed 
utilizing the principles of the present invention. In one exemplary embodiment of the 
invention, the subscriber side of the laser transceiver node 1 20 can service six groups 
of 16 subscribers each for a total of up to 96 subscribers. Each group of 16 

25 subscribers can share a data path of about 450 Mb/s speed. Six of these paths 
represents a total speed of 6 X 450 = 2.7 Gb/s. In the most basic form, the data 
communications path between the laser transceiver node 120 and the data service hub 
110 can operate at 1 Gb/s. Thus, while the data path to subscribers can support up to 
2.7 Gb/s, the data path to the network can only support 1 Gb/s. This means that not 

30 all of the subscriber bandwidth is useable. This is not normally a problem due to the 
statistical nature of bandwidth usage. 

An upgrade could be to increase the 1 Gb/s data path speed between the laser 
transceiver node 120 and the data service hub 110. This may be done by adding more 
1 Gb/s data paths. Adding one more path would increase the data rate to 2 Gb/s, 

35 approaching the total subscriber-side data rate. A third data path would allow the 
network-side data rate to exceed the subscriber-side data rate. In other exemplary 
embodiments, the data rate on one link could rise from 1 Gb/s to 2 Gb/s then to 10 
Gb/s, so when this happens, a link can be upgraded without adding more optical links. 
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5 The additional data paths (bandwidth) may be achieved by any of the methods 

known to those skilled in the art. It may be accomplished by using a plurality of 
optical waveguide transceivers 430 operating over a plurality of optical waveguides, 
or they can operate over one optical waveguide at a plurality of wavelengths, or it 
may be that higher speed optical waveguide transceivers 430 could be used as shown 

10 above. Thus, by upgrading the laser transceiver node 120 and the data service hub 
110 to operate with more than a single 1 Gb/s link, a system upgrade is effected 
without having to make changes at the subscribers' premises. 

Referring now to Figure 5, this Figure is a functional block diagram 
illustrating an optical tap 130 coupled to a subscriber optical interface 140 by a single 

15 optical waveguide 150 according to one exemplary embodiment of the present 
invention. The optical tap 130 can comprise a combined signal input/output port 505 
that is coupled to another distribution optical waveguide that is coupled to a laser 
transceiver node 120. As noted above, the optical tap 130 can comprise an optical 
splitter 510 that can be a 4-way or 8-way optical splitter. Other optical taps having 

20 fewer or more than 4-way or 8-way splits are not beyond the scope of the present 
invention. 

The optical tap can divide downstream optical signals to serve respective 
subscriber optical interfaces 140. In the exemplary embodiment in which the optical 
tap 130 comprises a 4-way optical tap, such an optical tap can be of the pass-through 

25 type, meaning that a portion of the downstream optical signals is extracted or divided 
to serve a 4-way splitter contained therein, while the rest of the optical energy is 
passed further downstream to other distribution optical waveguides 150. 

The optical tap 130 is an efficient coupler that can communicate optical 
signals between the laser transceiver node 120 and a respective subscriber optical 

30 interface 140. Optical taps 130 can be cascaded, or they can be coupled in a star 
architecture from the laser transceiver node 120. As discussed above, the optical tap 
130 can also route signals to other optical taps that are downstream relative to a 
respective optical tap 130. 

The optical tap 130 can also connect to a limited or small number of optical 

35 waveguides so that high concentrations of optical waveguides are not present at any 
particular laser transceiver node 120. In other words, in one exemplary embodiment, 
the optical tap can connect to a limited number of optical waveguides 150 at a point 
remote from the laser transceiver node 120 so that high concentrations of optical 
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5 waveguides 1 50 at a laser transceiver node can be avoided. However, those skilled in 
the art will appreciate that the optical tap 130 can be incorporated within the laser 
transceiver node 120. 

The subscriber optical interface 140 functions to convert downstream optical 
signals received from the optical tap 130 into the electrical domain that can be 

10 processed with appropriate communication devices. The subscriber optical interface 
140 further functions to convert upstream electrical signals into upstream optical 
signals that can be propagated along a distribution optical waveguide 150 to the 
optical tap 130. The subscriber optical interface 140 can comprise an optical diplexer 
515 that divides the downstream optical signals received from the distribution optical 

15 waveguide 150 between a bi-directional optical signal splitter 520 and an analog 
optical receiver 525. 

The optical diplexer 515 can separate or divide downstream optical signals 
based on wavelength. Typically, digital optical carriers will be propagated at a first 
wavelength while analog optical carriers will be propagated at second and third 

20 wavelengths different from the first wavelength. According to one exemplary 
embodiment, each service provider will modulate its analog optical carrier that 
typically supports video services at a unique wavelength relative to another service 
provider's analog optical carrier and relative to the digital optical carrier. 

For services that can be supported by digital optical carriers, each service may 

25 share time on the same digital optical carrier (one for each direction) using time 
domain multiplexing methods well-known to those skilled in the art. In other words, 
the multiple service providers can use time division multiplexing methods for sharing 
a digital optical carrier for upstream and downstream data communications. Two 
methods in combination with time division multiplexing that can be used to provide 

30 for multiple data service providers on a single optical network include multinetting 
and source-based routing. These are understood by those skilled in the art. Services 
that can be supported by digital optical carriers include, but are not limited to, data, 
voice, as well as IP video. To identify which service provider is the originator of a 
digital signal that can comprise an IP packet, conventional routing techniques can be 

35 employed by the processor 550 (discussed below) where IP packet headers are used to 
identify the service provider associated with a particular IP packet. 

It is recognized that the service providers generating the electrical broadcast 
signals could be different from the service providers generating the electrical digital 
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5 signals for data. In other words, a first service provider could provide broadcast 
services to a subscriber while a second service provider could provide data services 
and third service provider could provide voice services to the same subscriber. 

In such an exemplary embodiment where a subscriber has a single broadcast 
provider and multiple data service providers, the diplexer 515 would separate one of 

10 more analog optical carriers of broadcast service providers from the single digital 
optical carrier used by one or more data service providers. The service provider 
selection device 101 could then choose the broadcast service provider chosen by the 
subscriber while the processor 550 in combination with any telephone and or data 
interface 560 could select the desired data provider. 

15 The optical diplexer 515 can receive upstream optical signals generated by a 

digital optical transmitter 530. The digital optical transmitter 530 converts electrical 
binary/digital signals to optical form so that the optical signals can be transmitted 
back to the data service hub 110. Conversely, the digital optical receiver 540 converts 
optical signals into electrical binary/digital signals so that the electrical signals can be 

20 handled by processor 550. 

A service provider selection device 101 A can be attached to the optical 
diplexer 515 and positioned between the optical diplexer 515 and analog optical 
receiver 525 for processing the analog optical signals. In some exemplary 
embodiments, the service provider selection device 101B can be attached to the 

25 output of the analog optical receiver 525. And in some exemplary embodiments, the 
service provider selection device 101 can comprise two components where one 
component 101 A is positioned between the optical diplexer 515 and the analog optical 
receiver 525 and where another component 10 IB is positioned between the analog 
optical receiver 525 and the modulated RF unidirectional signal output. The service 

30 provider selection device 101 has been illustrated with dashed lines to indicate that its 
location relative to the optical diplexer 515 and the analog optical receiver can vary 
depending upon the components that form this device. 

According to one exemplary embodiment, the service provider selection 
device 101 can comprise an optical band pass filter that can be designed to pass 

35 wavelengths of a first magnitude while rejecting wavelengths of a second magnitude. 
As noted above, each service provider can modulate its own analog optical carriers at 
a unique wavelength to support video services. And the service provider selection 
device 101 can be used to chose a desired service provider to support the video for a 
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5 particular subscriber. Further details of this embodiment of the service provider 
selection device 101 will be discussed below with respect to Figures 6 A, 9 A, 10, and 
11. 

According to another exemplary embodiment, the service provider selection 
device 101 can comprise a block converter. As will be discussed below, a service 

10 provider can set apart its analog electrical signals relative the analog electrical signals 
of another service provider by using block conversion. Further details of this 
embodiment of the service provider selection device 101 will be discussed below with 
respect to Figures 8A. 

And according to another exemplary embodiment, the service provider 

15 selection device 101 can comprise an optical band pass filter in combination with a 
block converter. Further details of this exemplary embodiment of the service provider 
selection device 101 will be discussed below with respect to Figure 7 A. 

The analog optical receiver 525 can convert the downstream, analog broadcast 
optical video signals into modulated RF television signals that are propagated out of 

20 the modulated RF unidirectional signal output 535. The modulated RF unidirectional 
signal output 535 can feed Broadcast receivers 117 such as video service terminals 
such as television sets or radios. The analog optical receiver 525 could process analog 
modulated RF transmission as well as digitally modulated RF transmissions for digital 
TV applications. However, in preferred and exemplary embodiments of the present 

25 invention, the analog optical receiver will process only analog modulated RF 
transmissions. 

The bi-directional optical signal splitter 520 can propagate combined optical 
signals in their respective directions. That is, downstream optical signals entering the 
bi-directional optical splitter 520 from the optical diplexer 515, are propagated to the 

30 digital optical receiver 540. Upstream optical signals entering the splitter 520 from 
the digital optical transmitter 530 are sent to optical diplexer 515 and then to optical 
tap 130. The bi-directional optical signal splitter 520 is coupled to a digital optical 
receiver 540 that converts downstream data optical signals into the electrical domain. 
Meanwhile the bi-directional optical signal splitter 520 is also coupled to a digital 

35 optical transmitter 530 that converts upstream electrical signals into the optical 
domain. 

The digital optical receiver 540 can comprise one or more photoreceptors or 
photodiodes that convert optical signals into the electrical domain. The digital optical 
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5 transmitter can comprise one or more lasers such as the Fabry-Perot (F-P) Lasers, 
distributed feedback lasers, and Vertical Cavity Surface Emitting Lasers (VCSELs). 

The digital optical receiver 540 and digital optical transmitter 530 are coupled 
to a processor 550 that selects data intended for the instant subscriber optical interface 
140 based upon an embedded address. The data handled by the processor 550 can 
10 comprise one or more of telephony and data services such as an Internet service. The 
processor 550 is coupled to a telephone input/output 555 that can comprise an analog 
interface. 

The processor 550 is also coupled to a data interface 560 that can provide a 
link to computer devices, set top boxes, ISDN phones, and other like devices. 
15 Alternatively, the data interface 560 can comprise an interface to a Voice over 
Internet Protocol (VoIP) telephone or Ethernet telephone. The data interface 560 can 
comprise one of Ethernet's (lOBaseT, 100BaseT, Gigabit) interface, HPNA interface, 
a universal serial bus (USB) an IEEE 13 94 interface, an ADSL interface, and other 
like interfaces. 

20 

First Exemplary Multiple Service Provider Optical Architecture derived from Base 
Architecture 100 

Referring now to Figure 6A, this figure is a functional block diagram 
illustrating a multiple service provider optical network architecture 100 A in which 

25 analog optical carriers of respective service providers 103 A, 103B are propagated 
along separate optical waveguides 160a, 160b deep into the proximate optical network 
135 where the analog optical carriers are then combined according to a first 
exemplary embodiment of the present invention. 

In this exemplary embodiment, each service provider 103 A, 103B can produce 

30 digital electrical data signals as well as electrical broadcast signals. The digital 
electrical data signals can be combined with a time division multiplexed method or 
apparatus (or both) 623. The output from the time division multiplexed method or 
apparatus (or both) 623 can then modulate a digital optical transmitter 530 to provide 
a single digital optical carrier. 

35 Two methods in combination with time division multiplexing methods that 

can be used to provide for multiple data service providers 103 A, 103B on a single 
optical network 100 A can include multinetting and source-based routing. These are 
understood by those skilled in the art. In multinetting, each subscriber optical 

-29- 



5 interface 140 located adjacent or within a subscriber's home may be assigned to a 
different multinet, along with the appropriate service providers router at the data 
service hub. In source-based routing, each subscriber data device 140 attached to a 
subscriber optical interface can be assigned an IP address corresponding to the 
appropriate service provider 103. 

10 As noted above, separate and additional service providers (not shown) can also 

generate the digital electrical data signals instead of the service providers 103 that are 
shown and that also generate the electrical broadcast signals. In other words, a data 
service hub 110 could be shared by first and second broadcast service providers 103 A, 
103B as well as third and fourth digital electrical data service providers (not 

15 illustrated). The digital electrical data signals can support data services that can 
include, but are not limited to, network services such as internet services, telephone 
services, digital IP video services, and other like services supported by digital 
electrical signals. 

The digital optical carrier produced by the digital optical transmitter is 

20 propagated over an optical waveguide 170 to the laser transceiver node 120 that is 
separate from the optical waveguide 160 discussed below that propagates one or more 
analog optical carriers. The digital optical carrier typically has a wavelength that is 
different than the one or more analog optical carriers, as discussed below. 

Meanwhile, the electrical broadcast signals can modulate analog optical 

25 transmitters 325a, 325b. The electrical broadcast signals can include, but are not 
limited, analog electrical radio-frequency (RF) signals as well as digital electrical 
broadcast signals that are modulated on to RF carriers. The digital electrical 
broadcast signals can comprise high definition television (HDTV) signals and other 
like signals. The analog electrical radio-frequency signals can comprise television 

30 signals as well as radio signals. The electrical broadcast signals can include signals 
that can be received and viewed with TV set or received and heard with a radio. 

The analog optical carriers or signals produced by the optical transmitters 
325a, 325b are propagated out of the data service hub 110 through the unidirectional 
signal output ports 335a, 335b along separate optical waveguides 160a, 160b. The 

35 analog optical carrier corresponding to the first service provider 103 A has a first 
wavelength while the analog optical carrier corresponding to the second service 
provider 103B has a second wavelength that is different from the first wavelength. 
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5 At a predetermined threshold distance from the data service hub 110 and in a 

predetermined component of the optical architecture 100, all of the analog optical 
carriers can be combined. In this exemplary embodiment, the analog optical carriers 
of the first and second service providers 103 A, 103B having different wavelengths are 
combined in a portion of the laser transceiver node 120 with an optical combiner or a 

10 wavelength division multiplexer (WDM) 610. 

After all the analog optical carriers are combined with the optical combiner 
610 but prior to the diplexer 420, they can be amplified with an optical amplifier 410. 
The digital optical carrier is also combined or mixed with the one or more analog 
optical carriers at the diplexer 420, as discussed above with respect to Figure 4. The 

1 5 rectangular box in Figure 6 A labeled "Digital Processing of Fig. 4," indicates that all 
or some of the processing stages from Figure 4 can be present in the laser transceiver 
node 120 of Figure 6A. In one exemplary embodiment, the diplexer 420 can be 
located in a laser transceiver node 120 that is part of the proximate optical network 
135. However, it is not beyond the scope and spirit of the present invention to 

20 position the diplexer 420 in another housing other than the laser transceiver node 120. 

While details of the laser transceiver node 120 have been described above with 
respect to Figure 4, according to alternate exemplary embodiments, the laser 
transceiver node 120 may or may not have hardware or software (or both) for 
supporting digital electrical data signals modulated on an optical carrier. In other 

25 words, the laser transceiver node 120 according to one exemplary embodiment may 
be simple in structure such as including only optical combiners 610 and optical 
diplexers 420 and other like simple optical architectures without the detailed 
electronics illustrated in Figure 4. In such an exemplary embodiment, this junction 
outside of the data service hub 110 can be referred to as a node. 

30 Mixing or combining the optical carriers at the laser transceiver node 120 is 

one preferred and exemplary embodiment of the present invention. Mixing the 
optical carriers at the laser transceiver node 120 is preferred because the length of any 
optical waveguide 150 after the two analog optical carriers are combined in the WDM 
610 is limited. In one preferred and exemplary embodiment, the number of times the 

35 combined analog carriers can split is limited to eight, with a distance limit of three 
kilometers. In another preferred embodiment, the number of times the combined 
analog optical carriers can be split is limited to four, with a distance limit of ten 
kilometers. 
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5 Both of these preferred and suggested distances place a beat due to SRS well 

above the "good engineering practice" threshold of Figure 6D, as will be discussed 
below. Splitting the combined analog optical carriers twelve ways can precede an 
eight or four- way split of a splitter 510, but in such scenarios, the optical waveguide 
distance between the optical amplifier 410 and the splitter 510 is only a few inches, so 

1 0 there is no possibility of significant SRS distortion being introduced. 

After amplification, the combined analog optical carriers could be divided 
with the splitter 510 and transmitted along different optical waveguides 150. Relative 
to the laser transceiver node 120, the combined optical carriers could be divided again 
with the optical tap 130. 

15 From the optical tap 130, the optical carriers could be propagated to individual 

subscriber optical interfaces 140. At each subscriber optical interface, the optical 
diplexer 515 can separate the digital optical carrier from the two or more analog 
optical carriers. The digital optical carrier can be sent to the bi-directional optical 
splitter 520 as discussed in further detail above with respect to Figure 5. 

20 Meanwhile, the diplexer 515 can forward the analog optical carriers to the 

service provider selection device 101 A. For this exemplary embodiment illustrated in 
Figure 6 A, the service provider selection device 101 A can comprise an optical 
bandpass filter 605 that matches one wavelength of a desired service provider's 
analog optical carrier. The optical bandpass filter 605 can reject the wavelengths of 

25 service providers' analog optical carriers that are not desired for processing. 

After "selection" of the analog optical carrier of the desired service provider 
with the service provider selection device 101 A, the analog optical receiver 525 can 
convert the selected analog optical carrier into the electrical domain. The electrical 
broadcast signals based on the analog optical carrier can then be processed with a 

30 broadcast receiver 117 such as a TV set or radio. 

Referring now to Figures 6B and 6C, these figures are graphs 61 5 A, 615B 
illustrating the exemplary frequency spectrum 620A of the first wavelength for a first 
analog optical carrier of a first service provider 103 A and the exemplary frequency 
spectrum 620B of the second wavelength for a second analog optical carrier of a 

35 second service provider 103B. The frequency spectrums 620A, 620B of Figures 6B 
and 6C are identical, which means that the first service provider 103 A and second 
service provider 103B could be offering identical video services (i.e. channels) but at 
different wavelengths. 
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5 Referring now to Figure 6D, this figure is a graph illustrating SRS-induced 

Carrier to Crosstalk Interference Ratio (CCIR) versus distance along an optical 
waveguide. The two thick horizontal lines 620G and 620R comprise limits or 
thresholds where acceptable engineering performance is above each line. Good 
engineering practice dictates that optical network architecture 100 be designed to keep 

10 CCIR greater than 65 dB (below the desired signal) which corresponds to the first line 
620G. However, since some service providers are often tempted to push performance 
close to the threshold of visibility, a risky practice, the risky limit corresponding to the 
second line 620R is also illustrated in Figure 6D. 

The four thin curves represent the performance of an optical network 

15 architecture with split ratios of four, eight, sixteen, and thirty-two. The top curve 
represents the highest performance, but uses a split ratio of only four. It crosses the 
"good engineering practice" line at a distance of about eighteen and one-half 
kilometers. A split ratio of eight is the next curve down, and crosses the "good 
engineering practice" threshold at about five and one-half kilometers. If the "risky" 

20 limit is used, a four way split will usually not be limited by SRS, and an eight way 
split can work to about nine kilometers. But recall that this limit is at the threshold of 
visibility, so when combined with other impairments, one could introduce visible 
degradation that is impossible to get out of the resultant TV picture. 

The sixteen way split will cross the "risky" threshold, but at such short 

25 distances as to be completely impractical, and the thirty-two split ratio will not 
intersect even the "risky" threshold. In light of this graph, practical split ratios for 
conventional Passive Optical Networks (PONs) which are unlike the active optical 
network of the present invention, it is not feasible to put two sets of broadcast signals 
on two wavelengths on the same fiber. 

30 

Second Exemplary Multiple Service Provider Optical Architecture derived from Base 
Architecture 100 

Referring now to Figure 7A, this figure is a functional block diagram 
illustrating an optical network architecture 100B in which electrical broadcast signals 
35 are generated with block conversion and then modulated onto analog optical carriers 
which are combined at the data service hub 1 10 so that the analog optical carriers are 
propagated along a single optical waveguide 160 according to a second exemplary 
embodiment of the present invention. Since Figure 7A has many components that are 
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5 similar to those illustrated in Figure 6A, only the differences between Figures 6A and 
Figure 7A will be discussed below. 

To produce the electrical broadcast signals for one service provider 103, such 
as the second service provider 103B, a first block converter 705 A can be used. The 
block converter 705 A can comprise a mixer 710, a local oscillator 715, and a high 

10 pass electrical signal filter 720. 

The first block converter 705A can be of conventional design and well known 
to those skilled in the art. The first block converter 705A can accept a frequency 
spectrum from the second service provider 103B that ranges in frequency from 54 to 
about 870 MHz according to one preferred and exemplary embodiment that mirrors 

15 current industry practice. The incoming frequency spectrum can be mixed with the 
local oscillator (L.O.) 715 in mixer 710, to produce a frequency spectrum ranging 
from 1054 to 1870 MHz in one preferred and exemplary embodiment. Other 
frequency translations are not beyond the scope and spirit of the present invention and 
are known to those skilled in the art. 

20 The high pass filter (HPF) 720 can be used to remove any power from the 

input frequency spectrum that may get through mixer 710. All of these components 
can be of conventional design and are well known to those skilled in the art. 

Those skilled in the art recognize that a well performing frequency for the 
local oscillator 715 is usually above the band to which the input is being converted. 

25 This results in an inversion of the spectrum. This inversion can be seen from the 
spectrum representations illustrated in Figures 7B and 7C, discussed in further detail 
below. The lower amplitude digital signals can be propagated at the high end of the 
frequency band as is customary in the frequency spectrum for RF signals modulated 
onto the first wavelength of the first optical carrier, whereas lower amplitude digital 

30 signals can be propagated at the low end of the frequency-translated spectrum of the 
second wavelength of the second optical carrier as illustrated in Figure 7C. 

This is understood by those skilled in the art, and can be seen by performing 
the mathematics performed by mixer 710 when the device takes the difference 
between the incoming signals and the frequency of the local oscillator 715. 

35 For the low frequency (54 MHz) end of the incoming spectrum: 

fo ~ SlO ~~ fin 

= 1924-54 
= 1870 MHz. 
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5 For the high end (870 MHz) of the incoming spectrum: 

fo "~ f^LO ~ -fin 

= 1924-870 
= 1054 MHz. 

These calculations demonstrate that the incoming frequency band is inverted by the 
mixing process, as is understood by those skilled in the art. The electrical broadcast 
signals from first service provider 103 A are directly modulated onto optical 

10 transmitter 325a. Meanwhile, the electrical broadcast signals from the second service 
provider 103B are frequency translated with block converter 705, and are then use to 
modulate optical transmitter 325b, which may be optimized to operate with signals in 
the 1054 to 1870 MHz spectrum. 

Instead of being combined in the WDM 610 at the laser transceiver node 120, 

15 the analog optical carriers having different first and second wavelengths XI and X2 
from the first and second service providers 103 A, 103B are combined in a WDM or 
combiner 610 that is located within the data service hub 110. In this way, upon 
exiting the data service hub 110, the analog optical carriers of different wavelengths 
are propagated along a single optical waveguide 160. 

20 At the proximate optical network 135, the digital optical carrier propagated 

along the waveguide 170 can be combined with the two or more optical carriers 
propagated along the waveguide 160. The digital optical carrier and analog optical 
carriers can be combined with a diplexer 420. Prior to combining the digital optical 
carrier with the analog optical carriers, the digital optical carrier can be processed 

25 with the hardware or software (or both) of the laser transceiver node 120 that is 
discussed above with respect to Figure 4. The rectangular box in Figure 6 A labeled 
"Digital Processing of Fig. 4," indicates that all or some of the processing stages from 
Figure 4 can be present in the laser transceiver node 120 of Figure 6 A. In one 
exemplary embodiment, the diplexer 420 can be located in a laser transceiver node 

30 120 (not illustrated) that is part of the proximate optical network 135. However, it is 
not beyond the scope and spirit of the present invention to position the diplexer in 
another housing other than the laser transceiver node 120. 

At the subscriber optical interface 140, the service provider selection device 
101 can comprise an optical band pass filter 605 and the second block converter 705B 

35 illustrated in Figure 7A. If the second service provider 103B has been chosen by the 
subscriber, the optical bandpass filter 605 of the service provider selection device 101 
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5 is tuned or adjusted to pass the second optical carrier of the second wavelength XI 
instead of the first optical carrier of the first wavelength XI . 

The second optical carrier can be processed and converted back to the 
electrical domain by the analog optical receiver 525. The electrical broadcast signals 
are then passed to the second block converter 705B of the service provider selection 

10 device 101, which can convert the electrical broadcast signals back to their original 
frequency band for reception on the subscriber's Broadcast receiver 117 such as a 
subscriber's TV or radio. 

Referring now to Figures 7B and 7C, these figures are graphs 725A, 725B 
illustrating the exemplary frequency spectrum 730A of the first wavelength for a first 

15 analog optical carrier of a first service provider 103 A and the exemplary frequency 
spectrum 730B of the second wavelength after block conversion for a second analog 
optical carrier of a second service provider 103B. The frequency spectrums 730A, 
730B of Figures 7B and 7C are different because the frequency spectrum 730B of the 
second service provider 103B has undergone a frequency translation because of block 

20 conversion as discussed in detail above with respect to Figure 7A. The incoming 
frequency spectrum of 54 MHz to 870 MHz is inverted or translated into the 
frequency spectrum of 1054 MHz to 1870 MHz as illustrated in Figure 7C. 

Third Exemplary Multiple Service Provider Optical Architecture derived from Base 

25 Architecture 100 

Referring now to Figure 8A, this Figure is a functional block diagram 
illustrating an exemplary multiple service provider optical network architecture 100C 
in which electrical broadcast signals are generated with block conversion and 
combined and then modulated onto a single analog optical carrier which is propagated 

30 along a single optical waveguide 160 according to a third exemplary embodiment of 
the present invention. Since Figure 8A has many components that are similar to those 
illustrated in Figure 7A, only the differences between Figures 7A and Figure 8A will 
be discussed below. 

To produce the electrical broadcast signals for one service provider 103, such 

35 as the second service provider 103B, a first block converter 705 A can be used. The 
block converter 705 A can comprise a mixer 710, a local oscillator 715, and a high 
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5 pass electrical signal filter 720, similar to the converter 705A discussed above with 
respect to Figure 7A. 

Instead of combining separate analog optical carriers together as illustrated in 
Figure 7A, the electrical broadcast signals produced by the first and second service 
providers 103 A, 103B are combined with an electrical diplexer 612 after block 

10 conversion of one frequency spectrum but just prior to modulation of the electrical 
broadcast signals onto an analog optical carrier. The combined electrical broadcast 
signals are used to modulate a single optical transmitter 325 so that upon exiting the 
data service hub 110, the single analog optical carrier having one wavelength and 
comprising the two different electrical broadcast signals is propagated along a single 

15 optical waveguide 160. 

At the proximate optical network 135, the digital optical carrier propagated 
along the waveguide 170 can be combined with the single optical carrier propagated 
along the waveguide 160. The digital optical carrier and analog optical carrier can be 
combined with another combiner 610. In one exemplary embodiment, the combiner 

20 can be located in a laser transceiver node 120 (not illustrated) that is part of the 
proximate optical network 135. However, it is not beyond the scope and spirit of the 
present invention to position the optical combiner 610 in another housing other than 
the laser transceiver node 120. 

In this exemplary embodiment illustrated in Figure 8A, the subscriber optical 

25 interface 140 has a service provider selection device 10 IB that comprises the second 
block converter 705B illustrated in this Figure. If the second service provider 103B is 
desired by the subscriber, the service provider selection device 101B can convert the 
inverted frequency spectrum of the second electrical broadcast signals back into their 
original frequency spectrum, as discussed above with respect to Figure 7A. However, 

30 if the first service provider 103 A is desired by the subscriber, the service provider 
selection device 101 B can be deactivated or alternatively, the service provider 
selection device 10 IB is not installed in the subscriber optical interface 140. 

Figure 8B is a graph 805 illustrating the exemplary frequency spectrums of 
analog optical carriers of two different wavelengths that support signals of a first and 

35 second service provider 103A, 103B through block conversion as described above 
with respect to the exemplary multiple service provider optical architecture illustrated 
in Figure 8A. This graph 805 is similar to the graphs 725 A, 725B of Figures 7B and 
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5 7C. Basically, graph 805 of Figure 8B combines the data contained in graphs 725A 
and 725B of Figures 7B and 7C. 

Graph 805 illustrates the exemplary frequency spectrum 81 OA of the first 
wavelength for a first analog optical carrier of a first service provider 103 A and the 
exemplary frequency spectrum 81 OB of the second wavelength after block conversion 
10 for a second analog optical carrier of a second service provider 103B. 

The frequency spectrums 81 OA and 81 OB are different because the frequency 
spectrum 81 OB of the second service provider 103B has completed a frequency 
translation because of block conversion, similar to and as discussed in detail above 
with respect to Figure 7A. The incoming frequency spectrum of 54 MHz to 870 MHz 
15 is inverted or translated into the frequency spectrum of 1054 MHz to 1870 MHz as 
illustrated in Figure 7C. 

Fourth Exemplary Multiple Service Provider Optical Architecture derived from Base 
Architecture 100 

20 Referring now to Figure 9A, this Figure is a functional block diagram 

illustrating an exemplary multiple service provider optical network architecture 100D 
in which electrical broadcast signals are generated such that frequency spectrums of 
each optical carrier complement each other and are then modulated onto analog 
optical carriers which are combined at the data service hub 110 so that the analog 

25 optical carriers are propagated along a single optical waveguide according to a fourth 
exemplary embodiment of the present invention. Since Figure 9A has many 
components that are similar to those illustrated in Figure 7A, only the differences 
between Figures 7A and Figure 9A will be discussed below. 

Unlike the exemplary embodiment illustrated in Figure 7A, the data service 

30 hub 110 and subscriber optical interface 140 of Figure 9A do not include a block 
converter 705. Instead, the frequency spectra of the first service provider 103 A and 
the second service provider 103B are coordinated between the two service providers. 
In conventional technology, it is common to provide some electrical broadcast 
services using analog modulation and to provide some using digital modulation. The 

35 digital modulation electrical signals may be carried at lower amplitude as is 
understood by those skilled in the art. Also, those skilled in the art recognize that the 
digitally modulated electrical broadcast signals are modulated onto radio-frequency 
(RF) carriers prior to converting the signals into the optical domain. 
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5 The digital modulation signals are less susceptible to noise and interference 

than are the analog-modulated electrical broadcast signals. Also, since the spectrum 
of the digital-modulated carriers is spread out over a wider frequency range, the 
impact on the analog signals is lower, as is understood by those skilled in the art. 

Referring to Figures 9 A, 9B, and 9C, the first service provider 103 A can 

10 transmit his analog channels at higher amplitude and in the lower portion 907 A of the 
spectrum, as shown by the frequency spectrum 905A illustrated in Figure 9B. The 
first service provider 103 A transmits digital-modulated channels in the upper portion 
909 A of the frequency spectrum 905 A as shown in Figure 9B. The second service 
provider 103B, on the other hand, does the opposite, as illustrated in Figure 9C. The 

15 second service provider 103B transmits his analog-modulated channels in the higher 
portion 909B of the frequency spectrum or band 905B, and transmits his digital- 
modulated channels in the lower portion 907B of the frequency spectrum. 

The higher frequency but lower amplitude, digital-modulated channels are 
shown as discrete carriers for explanation, but those skilled in the art understand that 

20 the actual spectrum is spread over an entire 6 MHz (in North America) channel. A 
common practice is to use the spectrum from 54-550 MHz for analog-modulated 
carriers, and the spectrum from 550-870 MHz for digital-modulated carriers. These 
frequencies are shown on the lower spectrum diagram in Figure 9C. 

The effect of channel 2 is shown in Figures 9B and 9C as it impacts each 

25 service provider. The first service provider experiences an SRS-induced beat 91 OA 
on his channel 2, from the digital-modulated carrier that the second service provider 
103B is putting on his wavelength. But the second service provider 103B is carrying 
his digital signal nominally 6 dB lower than his analog signals, according to a 
preferred exemplary embodiment and common practice. 

30 Because the digital signal of the second service provider 103B is carried 6 dB 

lower in amplitude, the interference 91 OA on the first service provider's channel 2 is 6 
dB lower than what it would be had the second service provider been carrying an 
analog-modulated electrical signal on channel 2. Also, the beat 91 OA as illustrated in 
Figure 9B is spread out over a wider frequency range, and those skilled in the art 

35 recognize that the interference potential of a signal spread over a range of frequencies 
is lower than if the signal was concentrated at one frequency, as is the case with the 
analog signal. 
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5 Looking at frequency spectrum 905B of Figure 9C, this spectrum shows the 

SRS-induced interference experienced by second service provider 103B as a result of 
the first service provider's analog-modulated signal 910B. Since the source of the 
interference is an analog-modulated signal, the interference appears as a substantially 
CW carrier (the frequency has been shifted to clearly show the interference). 

10 However, since the desired modulation is digital, and since digital modulation is much 
less susceptible to interference and noise, the signal will be recovered satisfactorily by 
the subscriber's receiver anyway. 

Since SRS impacts the lowest frequency channels more than it impacts the 
higher frequency channels, it may be possible to overlap some analog-modulated 

15 carriers near the center of the spectrum. This would allow both service providers to 
offer more analog-modulated channels. As discussed above, the advantage of analog- 
modulated electrical broadcast services is that they can be tuned without a special set 
top terminal (STT), which can reduce overall system costs and reduce subscriber 
headaches. 

20 It is noted that the bandwidth illustrated in Figures 9B and 9C does not need to 

be divided in halves as shown. It may be preferable for the first service provider to 
transmit analog-modulated programs on even numbered channels and digital- 
modulated programs on odd numbered channels. The second service provider can 
then transmit his channels in a manner that is opposite to the first service provider. 

25 The advantage of this arrangement is that each service provider can gain analog 
access to about the same number of channels that can be tuned without a STT, when 
the subscriber has a TV that does not tune all channels without a STT. 

In addition to the frequency plan shown in Figures 9B and 9C, both the first 
service provider and the second service provider can transmit digital modulated 

30 signals in the lower frequency portion of the spectrum (lower portion 907B), and 
transmit analog signals in the upper portion (upper portion 909B) of the spectrum. In 
other words, the signals from both the first service provider and the second service 
provider can look as shown in Figure 9C according to one alternate exemplary 
embodiment. The reason this works is that the SRS distortion is strongest in the lower 

35 frequency portion of the spectrum. Digital modulated signals generate less distortion 
because they are transmitted at a slightly lower power (as indicated by the shorter 
lines in Figures 9B and 9C), and also they are not as susceptible to being degraded by 
distortion as are analog signals. 
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Fifth Exemplary Multiple Service Provider Optical Architecture derived from Base 
Architecture 100 

Referring now to Figure 10, this Figure is a functional block diagram 
illustrating an optical network architecture 100E in which electrical broadcast signals 

1 0 are generated with a phase lock and then modulated onto analog optical carriers which 
are combined at the data service hub 110 so that the analog optical carriers are 
propagated along a single optical waveguide according to a fifth exemplary 
embodiment of the present invention. Since Figure 10 has many components that are 
similar to those illustrated in Figure 9A, only the differences between Figures 9A and 

1 5 Figure 10 will be discussed below. 

The data service hub 110 in Figure 10 can comprise a phase lock system 
1000 A, 1000B for each respective service provider 103 A, 103B. Phase locking 
systems 1000 and techniques are known and have been widely available in the cable 
TV industry. The object of such systems is to use the RF carrier of, for example, the 

20 first service provider 103 A, as a reference to phase lock the RF carrier of the second 
service provider 103B. This technique can yield a reduction of the visible artifacts of 
the beat product by about 5 dB. 

Referring briefly back to Figure 6D that is discussed above, this Figure 
illustrates the computed distance vs. split ratio that provides both the good 

25 engineering practice of 65 dB desired to undesired ratio, and also a more relaxed 60 
dB. And now, referring back to Figure 10, with the phase locking system of Figure 
10, it would be possible to achieve the longer reaches of the "risky" limit illustrated in 
Figure 6D, while maintaining the conservatism of the "good engineering practice" 
limit also illustrated in Figure 6D. 

30 

Sixth Exemplary Multiple Service Provider Optical Architecture derived from Base 
Architecture 100 

Referring now to Figure 11, this figure is a functional block diagram 
illustrating an optical network architecture 100F in which electrical broadcast signals 
35 are generated with a carrier offset and then modulated onto analog optical carriers 
which are combined at the data service hub 1 10 so that the analog optical carriers are 
propagated along a single optical waveguide according to a sixth exemplary 
embodiment of the present invention. Since Figure 1 1 has many components that are 
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5 similar to those illustrated in Figure 10A, only the differences between Figures 10A 
and Figure 1 1 will be discussed below. 

The data service hub 110 in Figure 11 can comprise a carrier offset system 
11 00 A, 1100B for each respective service provider 103 A, 103B. Carrier offset 
systems 1 1 00 and techniques are known and have been also widely available in the 
10 cable TV industry similar to the phase lock systems 1000 discussed above with 
respect to Figure 10. 

With a carrier offset system 1100, a precision offset between the analog RF 
carrier frequencies can be used. One preferred and exemplary offset is 7.5 kHz, 
which places the beat produced by the undesired signal at a point in the frequency 
1 5 spectrum where its visibility is low. This is the same philosophy that caused the FCC 
many years ago to set up off-air TV channel allocations with a 10 kHz offset between 
stations where those stations might potentially interfere with each other in fringe 
areas. 

Precision offsets are known to those of ordinary skill in the art. Under an 
20 offset system 1 100, the two RF carrier frequencies on the same channel, from the first 
service provider 103 A and second service provider 103B, are mixed together to form 
a difference signal. This difference signal is then compared with a precision offset, 
such as the suggested 7.5 kHz reference signal, using a conventional phase locked 
loop (PLL) circuit. The calculated error can then be supplied to one of the service 
25 providers 103 as a control signal. 

Seventh Exemplary Multiple Service Provider Optical Architecture derived from Base 
Architecture 100 

Referring now to Figure 12, this Figure is a functional block diagram 
30 illustrating a ring optical network architecture 1200 according to a seventh exemplary 
embodiment of the present invention. In this embodiment, a plurality of service 
providers 103 residing in data service hubs 110 can be interconnected in an optical 
ring architecture 1200 where single optical waveguides 1205 and 1210 can support 
the optical signals (both digital and analog) of the plurality of service providers using 
35 one or more of the techniques discussed above with respect to the first through sixth 
exemplary embodiments illustrated in Figures 6 through 11. 
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5 In this way, a data service hub 110 coupled to a proximate optical network 135 

can supply analog optical carriers from service providers residing in different data 
service hubs 110. 

Methods for Supporting Multiple Service Providers 

10 The processes and operations described below with respect to all of the logic 

flow diagrams may include the manipulation of signals by a processor and the 
maintenance of these signals within data structures resident in one or more memory 
storage devices. For the purposes of this discussion, a process can be generally 
conceived to be a sequence of computer-executed steps leading tc a desired result. 

15 These steps usually require physical manipulations of physical quantities. 

Usually, though not necessarily, these quantities take the form of electrical, magnetic, 
or optical signals capable of being stored, transferred, combined, compared, or 
otherwise manipulated. It is convention for those skilled in the art to refer to 
representations of these signals as bits, bytes, words, information, elements, symbols, 

20 characters, numbers, points, data, entries, objects, images, files, or the like. It should 
be kept in mind, however, that these and similar terms are associated with appropriate 
physical quantities for computer operations, and that these terms are merely 
conventional labels applied to physical quantities that exist within and during 
operation of the computer. 

25 It should also be understood that manipulations within the computer are often 

referred to in terms such as creating, adding, calculating, comparing, moving, 
receiving, determining, identifying, populating, loading, executing, etc. that are often 
associated with manual operations performed by a human operator. The operations 
described herein can be machine operations performed in conjunction with various 

30 input provided by a human operator or user that interacts with the computer. 

In addition, it should be understood that the programs, processes, methods, etc. 
described herein are not related or limited to any particular computer or apparatus. 
Rather, various types of general purpose machines may be used with the following 
process in accordance with the teachings described herein. 

35 The present invention may comprise a computer program or hardware or a 

combination thereof which embodies the functions described herein and illustrated in 
the appended flow charts. However, it should be apparent that there could be many 
different ways of implementing the invention in computer programming or hardware 
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5 design, and the invention should not be construed as limited to any one set of 
computer program instructions. 

Further, a skilled programmer would be able to write such a computer 
program or identify the appropriate hardware circuits to implement the disclosed 
invention without difficulty based on the flow charts and associated description in the 

10 application text, for example. Therefore, disclosure of a particular set of program code 
instructions or detailed hardware devices is not considered necessary for an adequate 
understanding of how to make and use the invention. The inventive functionality of 
the claimed computer implemented processes will be explained in more detail in the 
following description in conjunction with the remaining Figures illustrating other 

15 process flows. 

Certain steps in the processes or process flow described in all of the logic flow 
diagrams below must naturally precede others for the present invention to function as 
described. However, the present invention is not limited to the order of the steps 
described if such order or sequence does not alter the functionality of the present 
20 invention. That is, it is recognized that some steps may be performed before, after, or 
in parallel other steps without departing from the scope and spirit of the present 
invention. 

Method for Supporting Multiple Service Providers - First Exemplary Embodiment 
25 Referring now to Figure 13, this figure is a logic flow diagram illustrating an 

exemplary method 1300 for supporting multiple service providers 103 within a single 
optical network 100 A using separate optical waveguides 160 in the network according 
to a first exemplary embodiment of the present invention. 

The steps of method 1300 generally correspond with the optical network 
30 architecture 100A illustrated in Figure 6. Step 1303 is the first step of method 1300 in 
which first and second electrical broadcast signals corresponding to the first and 
second service providers 103 can be generated. Each of the electrical broadcast 
signals can comprise a spectrum of signals generally extending from 54 to 870 MHz. 
As noted above, the electrical broadcast signals can include, but are not limited, 
35 analog electrical radio-frequency (RF) signals as well as digital electrical broadcast 
signals that are modulated on to RF carriers. The digital electrical broadcast signals 
can comprise high density television (HDTV) signals and other like signals. The 
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5 analog electrical radio-frequency signals can comprise television signals as well as 
radio signals. 

Next, in step 1305 first and second digital electrical signals corresponding to 
the first and second providers 103 can also be generated. However, as discussed 
above, it is also recognized that the service providers generating the electrical 

10 broadcast signals could be different from the service providers generating the 
electrical digital signals for data. In other words, a first service provider could 
provide broadcast services while a second service provider could provide data 
services and third service provider could provide voice services. All three service 
providers could support an individual subscriber. This generation of digital electrical 

15 data signals by service providers different from the service providers who generate 
electrical broadcast signals applies to all of the embodiments discussed above and 
below in this document. 

In step 1308 a first analog optical carrier having a first wavelength is 
modulated with the first electrical broadcast signal. Step 1308 generally corresponds 

20 to an electrical broadcast signal from the first service provider 103 A modulating the 
optical transmitter 325A. 

In step 1311, a second analog optical carrier having a second wavelength can 
be modulated with the second electrical broadcast signal. Step 1311 generally 
corresponds with the second service provider 103B producing an electrical broadcast 

25 signal that modulates the second optical transmitter 325B. 

Next in step 1313, the first and second digital electrical data signals can be 
combined. These digital electrical data signals can be combined using a time division 
multiple access method or apparatus (or both) 623 as illustrated in Figure 6A and 
discussed above. However, other methods for combining the digital electrical signals 

30 such that they modulate a single digital optical carrier are not beyond the scope and 
spirit of the present invention. 

In step 1316, the combined digital electrical data signals can modulate a 
digital optical carrier. This digital optical carrier can have an optical wavelength that 
is different that the one or more analog optical carriers discussed above. In step 1319, 

35 the digital optical carrier can be propagated along a single optical waveguide 170. In 
step 1322, each analog optical carrier can be propagated over a separate optical 
waveguide 160a, 160b and within the same optical network 100 A. 

In step 1325, the first and second analog carriers propagating along the 
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5 separate optical waveguides 160a, 160b can be combined with the digital optical 
carrier at the laser transceiver mode 120 by using a diplexer 420 as discussed above 
with respect to Figure 4. Next, in step 1328, the combined optical carriers can then be 
propagated over a signal optical waveguide 150 towards subscribers that may have 
subscriber optical interfaces 140. 

10 In step 1331, the combined optical carriers can be split into multiple optical 

carrier signals for distribution to a plurality of subscribers. Step 1331 can generally 
correspond with the splitter 510 that can be part of the laser transceiver node 120. 
Step 1331 can also correspond with the optical tap 130 where optical signals can be 
further split and propagated along separate optical waveguides 1 50. 

15 In step 1334, each set of combined optical carriers is propagated over a single 

optical waveguide 150 towards individual subscribers having subscriber optical 
interfaces 140. In step 1337, digital optical carrier can be separated from the analog 
optical carriers with the optical diplexer 515 of the subscriber optical interface 140. 

In step 1340, the digital optical carrier that is diverted by the optical diplexer 

20 515 can be converted by a digital optical receiver 525 into the electrical domain. The 
desired electrical data carrier can then be selected by the processor 550 (see Figure 5) 
or telephone or other device (or a combination thereof) in step 1343 by filtering 
packet data. In step 1346, a desired analog optical carrier can be selected from the 
combined optical carriers by optical filtering with optical filter 605. Step 1346 

25 generally corresponds with the service provider selection device 101 A as illustrated in 
Figure 6A. 

In step 1 349, the selected and desired optical carrier can then be propagated to 
the analog optical receiver 525. In step 1352, the selected and desired analog optical 
carrier can then be converted into the electrical domain with the analog optical 
30 receiver 525. In step 1355, the electrical broadcast signals can be demodulated with a 
broadcast receiver 117 such as a subscriber's TV. The process then ends. 

Method for Supporting Multiple Service Providers - Second Exemplary Embodiment 
Referring now to Figure 14, this figure is a logic flow diagram illustrating an 
35 exemplary method 1400 for supporting multiple service providers 103 within a single 
optical network 100 using block conversion and a shared, single optical waveguide 
1 50 according to a second exemplary embodiment of the present invention. The steps 
of method 1400 generally correspond with the optical network architecture 100B as 
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5 illustrated in Figure 7A. 

Step 1403 is the first step in method 1400 in which first and second electrical 
broadcast signals corresponding to the first and second providers 103 are generated. 
Next, in step 1406, first and second digital electrical signals corresponding to the first 
and second service providers 1 03 are also generated. 
10 In step 1409, a first analog optical carrier having a first wavelength is 

modulated with the first electrical broadcast signal. Step 1409 generally corresponds 
with the first service provider 103 A modulating the first optical transmitter 325a with 
the electrical broadcast signals. 

Next, in step 1412 a frequency spectrum of the second electrical broadcast 
15 signal is translated with a block converter 705A. Next, in step 1415, a second analog 
optical carrier having a second wavelength is modulated with the second translated 
electrical broadcast signal produced in step 1412. 

In step 1418, the first and second digital electrical data signals are combined 
using a time division multiple access system or method (or both) 605 as discussed 
20 above. Alternatively, any equivalent system or method for combining digital 
electrical data signals could be employed. 

In step 1421, a digital optical carrier is modulated with the combined digital 
electrical data signals. This digital optical carrier can have an optical wavelength that 
is different that the one or more analog optical carriers discussed above. Next, in step 
25 1423, the digital optical carrier can be propagated along a single optical waveguide 
170. 

Similarly, in Step 1425, the first and second analog optical carriers can be 
combined together at the data service sub 110 with a combiner or wavelength division 
multiplexer 610. In step 1428, the combined analog optical carrier can be propagated 
30 along a single optical waveguide 160 towards the proximate optical network 135. 
Next, in step 1431, the combined analog optical carrier can be mixed with the digital 
optical carrier at the laser transceiver node 120 that could be part of the proximate 
optical network 135. 

In step 1434, the combined optical carriers can be propagated over a single 
35 optical waveguide 150 towards subscribers that have subscriber optical interfaces 140. 
In step 1437, the combined optical carriers can be split into a plurality of multiple 
optical carrier signals with a slitter 510 or an optical tap 130. 

Next, in step 1440 each set of combined optical carriers can be propagated 
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5 over a single optical waveguide 1 50 toward individual subscribers having subscriber 
optical interfaces 140. Next, in step 1443 the digital optical carrier can be separated 
from the analog optical carriers with an optical diplexer 515 of the subscriber optical 
interface 140. In step 1446, the digital optical carrier can be converted into the 
electrical domain with a digital optical receiver 540. 

10 Next, in step 1449, a desired digital electrical data carrier can be selected by 

filtering packet data with the processor 550. Next, in step 1452, a desired analog 
optical carrier can be selected from the combined optical carriers by optical filtering. 
Step 1452 generally corresponds to the optical band pass filter 605 that is part of the 
service provider selection device 101. Next, in step 1455, a desired analog optical 

1 5 carrier can then be propagated to an analog optical receiver 525. 

In step 1458, the desired analog optical carrier can be converted into the 
electrical domain with the analog optical receiver 525. Next, in step 1461, if the 
second optical carrier is selected, then the frequency of the electrical broadcast signal 
corresponding to the second optical carrier can be translated with the second block 

20 converter 705B that is part of the service provider selection device 101. Next, in step 
1464, the electrical broadcast signals can be demodulated with a broadcast receiver 
117 such as a subscriber's TV set. The process then ends. 

Method for Supporting Multiple Sendee Providers - Third Exemplary Embodiment 
25 Referring now to Figure 15, this figure is a logic flow diagram illustrating an 

exemplary method for supporting multiple service providers 103 within a single 
optical network 100C using block conversion and a shared, single optical waveguide 
160 according to a third exemplary embodiment of the present invention. The steps 
of method 1500 generally correspond to the optical network architecture 100C as 
30 illustrated in Figure 8A discussed above. 

Step 1503 is the first step of method 1500 in which first and second electrical 
broadcast signals are generated corresponding to the first and second service 
providers 103A, 103B. Next, in step 1506, first and second digital electrical signals 
are generated corresponding to the first and second service providers 103 A, 103B. 
35 Next, in step 1509, the frequency spectrum of the second electrical broadcast 

signals are translated with a block converter 705 A. Next, in step 1512, the first 
electrical broadcast signal can be combined with the second, translated RF signal at 
the data service sub 110 with an RF combiner or diplexer 420. 
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5 In step 1515, an analog optical carrier having a first wavelength is modulated 

with the combined electrical broadcast signals that exit the RF combiner or diplexer 
420 in step 1512. In step 1518, the first and second digital electrical data signals are 
combined using a time division multiple access system or method (or both) 605 as 
discussed above. Alternatively, any equivalent system or method for combining 

10 digital electrical data signals could be employed. 

In step 1521, a digital optical carrier is modulated with the combined digital 
electrical data signals. This digital optical carrier can have an optical wavelength that 
is different that the analog optical carrier discussed above. 

In step 1 524, the digital optical carrier can be propagated along a single optical 

15 waveguide 170. In step 1527, the analog optical carrier that was modulated by the 
first and second electrical broadcast signals can be propagated along a single optical 
waveguide 160. In step 1530, the analog optical carriers can be combined with the 
digital optical carrier at the laser transceiver node 120 or at some portion of the 
proximate optical network 135. 

20 The combined optical carriers can then be propagated over a single optical 

waveguide 150. In step 1536, combined optical carriers propagating along the single 
optical waveguide 150 can be split or divided with a splitter 510 in optical taps 130. 
Next in step 1539, each set of combined optical carriers can be propagated over a 
single optical waveguide 150 towards subscriber that have subscriber optical 

25 interfaces 140. 

In step 1542 the digital optical carrier can be separated from the analog optical 
carriers with an optical diplexer 515 of the subscriber optical interface 140. Next, in 
step 1545, the digital optical carrier can be converted into the electrical domain with a 
digital optical receiver 540 as illustrated in Figure 5. The desired electrical data 

30 carrier can be selected by filtering the packet data with processor 550 or other 
electronic devices (or a combination thereof). 

In step 1551, the combined analog optical carriers can be propagated to the 
analog optical receiver 525. Next, in step 1554, the combined analog optical carriers 
can be converted into the electrical domain with the analog optical receiver 525. In 

35 step 1557, if the second analog optical carrier is selected, then the frequency spectrum 
of the second electrical broadcast signals can be translated with a second block 
converter 705B as illustrated in Figure 8A. 

If the first analog carrier is selected, then no frequency conversion or 
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5 translation is necessary. In step 1560, the electrical broadcast signals can be 
demodulated with a broadcast receiver 117 such as a subscriber's TV. The process 
then ends. 

Method for Supporting Multiple Service Providers - Fourth Exemplary Embodiment 
10 Referring now to Figure 16, this figure is a logic flow diagram illustrating an 

exemplary method for supporting multiple service providers 103 within a single 
optical network 100D using frequency coordination and optical carrier with different 
wavelengths that are propagated over a shared, single optical waveguide according to 
a fourth exemplary embodiment of the present invention. The steps of method 1600 
15 generally correspond to the optical network architecture 100D as illustrated in Figure 
9A. 

Step 1603 is the first step of method 1600 in which the first and second 
electrical broadcast signals are generated where the first electrical broadcast signals 
comprise a frequency spectrum opposite of the second electrical broadcast signals. 

20 The first and second electrical broadcast signals correspond to first and second service 
providers 103 A, 103B. The first and second electrical broadcast signals can include 
both digital and analog electrical broadcast signals in this step. However, it is 
recognized that digital electrical broadcast signals are modulated onto an RF carrier 
prior to any modulation of an analog optical transmitter 325. Step 1603 generally 

25 corresponds with the frequency coordination method discussed above with respect to 
Figure 9A. 

In step 1606, first and second digital electrical data are generated wherein the 
first digital electrical broadcast signals comprise a frequency spectrum opposite to 
that of the second digital electrical broadcast signals. The first and second digital 
30 signals can correspond with the first and second service providers 103 A, 103B but 
they could also be generated by third and fourth service providers as discussed above. 

In step 1609, a first analog optical carrier having a first wavelength is 
modulated with the first electrical broadcast signal. Step 1609 generally corresponds 
with the first service provider 103 A modulating the optical transmitter 325a with the 
35 first electrical broadcast signal. 

In step 1612, a second analog optical carrier having a second wavelength can 
be modulated with the second electrical broadcast signal. Step 1612 generally 
corresponds with the second service provider 103B modulating the optical transmitter 
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5 325b with the second electrical broadcast signal. 

In step 1615, the first and second digital electrical data signals are combined 
using a time division multiple access system or method (or both) 605 as discussed 
above. Alternatively, any equivalent system or method for combining digital 
electrical data signals could be employed. 
10 In step 1618, a digital optical carrier is modulated with the combined digital 

electrical data signals. This digital optical carrier can have an optical wavelength that 
is different that the analog optical carrier discussed above. 

In step 1621, the digital optical carrier can be propagated along a single optical 
waveguide 170. In step 1623, the first and second analog optical carriers can be 
15 combined at the data service sub 110 with an optical combiner or wavelength division 
multiplexer 610. 

In step 1626, the combined analog optical carriers can then be propagated 
along a single optical waveguide 160. In step 1629, the combined analog optical 
carrier can be mixed with the digital optical carrier at the laser transceiver node 120 
20 that forms part of the proximate optical network 135. 

Next, in step 1632, the combined optical carriers can be propagated over a 
single optical waveguide 150. Next, in step 1635, the combined optical carriers 
propagating along the single optical waveguide 150 can be split or divided with an 
optical splitter 510 or optical tap 130 into a plurality of multiple optical carrier 
25 signals. 

Next, in step 1638, each set of combined optical carriers can be propagated 
over a single optical waveguide 150. In step 1641, the digital optical carrier can be 
separated from analog optical carriers with an optical diplexer 5 1 5 of the subscriber 
optical interface 140. 

30 In step 1644, the digital combined optical carriers is converted into the 

electrical domain with a digital optical receiver 540 as illustrated in Figure 5. In step 
1650, the desired digital electrical data provider can be selected by filtering the 
packets with the processor 550 or other electronics (or any combination thereof). In 
step 1650, the desired analog optical carrier can be selected from the combined optical 

35 carriers by optical filtering. Step 1650 generally corresponds to the service provider 
selection device 101 A as illustrated in Figure 9 A. 

In step 1653, the desired analog optical carrier selected in step 1650 can be 
propagated to the analog optical receiver 525. In step 1556, a desired analog optical 
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5 carrier can then be converted into the electrical domain with the analog optical 
receiver 525. In step 1659, the electrical broadcast signals can be demodulated with a 
broadcast receiver 117 such as a subscriber's TV. The process then ends. 

Method for Supporting Multiple Service Providers - Fifth Exemplary Embodiment 
10 Referring now to Figure 17, this Figure is a logic flow diagram illustrating an 

exemplary method 1700 for supporting multiple service providers 103 within a single 
optical network 100E using a phase lock system 1000 A and optical carriers with 
different wavelengths that are propagated over a shared, single optical waveguide 160 
according to a fifth exemplary embodiment of the present invention. The steps of 
15 method 1700 generally correspond with the optical network architectural 100E as 
illustrated in Figure 10. 

Step 1703 is the first step of method 1700 in which first and second electrical 
broadcast signals are generated and correspond to the first and second service 
providers 103. Next, in step 1706, the first and second digital electrical signals are 
20 generated that correspond to the first and second service providers 103. 

In step 1709, phases for the first and second electrical broadcast signals are 
then locked together. Step 1709 generally corresponds with the phase lock system 
and method 1000A-1000B as illustrated and described above with respect to Figure 
10. 

25 In step 1712, a first analog optical carrier having a first wavelength is 

modulated with the first electrical broadcast signal. Next, in step 1715, a second 
analog optical carrier having a second wavelength is modulated with the second 
electrical broadcast signal. 

In step 1718, the first and second digital electrical data signals are combined 
30 using a time division multiple access system or method (or both) 605 as discussed 
above. Alternatively, any equivalent system or method for combining digital 
electrical data signals could be employed. 

In step 1721, a digital optical carrier is modulated with the combined digital 
electrical data signals. This digital optical carrier can have an optical wavelength that 
35 is different that the analog optical carriers discussed above. 

In step 1724, the digital optical carrier can be propagated along a single optical 
waveguide 170. In step 1727, the first and second analog optical carriers can be 
combined together at the data service hub 110 with an optical combiner or wavelength 
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5 division multiplexer (WDM) 610. Next, in step 1730, the combined analog optical 
carriers can then be propagated along a single optical waveguide 160. 

In step 1733, the combined analog optical carrier can be mixed with the digital 
optical carrier at a laser transceiver node 120 that forms part of the proximate optical 
network 135. In step 1736, the combined optical carriers can be propagated over a 

10 single optical waveguide 150 towards subscribers. 

In step 1739, the combined optical carriers propagating along the single 
optical waveguide 150 can be split with splitter 510 in optical taps 130. In step 1742, 
each set of combined optical carriers formed from the split in step 1739 can be 
propagated over a single optical waveguide 1 50 towards individual subscribers having 

15 subscriber optical interfaces 140. 

In step 1745, the digital optical carrier can be separated from the analog 
optical carriers with an optical diplexer 515 of the subscriber optical interface 140. 
Next, in step 1748, the selected digital combined optical carrier from step 1745 can be 
converted into the electrical domain with a digital optical receiver 540. Next, in step 

20 1751, the desired electrical carrier can be filtered by the processor 550 or other 
electronics (or a combination thereof). 

In step 1754, the desired analog optical carrier can be selected from the 
combined optical carriers by optical filtering. Step 1754 generally corresponds to the 
service provider selection device 101 A as illustrated in Figure 10. 

25 In step 1757, the desired analog optical carrier selected in step 1754 can be 

propagated to the analog optical receiver 525. In step 1760, the desired analog optical 
carrier can be converted in the electrical domain with the analog optical receiver 525. 
Then, in step 1763, the electrical broadcast signals can be demodulated with a 
broadcast receiver 117 that can comprise a subscriber's TV set. The process then 

30 ends. 

Method for Supporting Multiple Service Providers - Sixth Exemplary Embodiment 

Referring now to Figure 1 8, this figure is a logic flow diagram illustrating an 
exemplary method 1800 for supporting multiple service providers 103 within a single 
35 optical network 100F using a carrier offset system and analog optical carriers with 
different wavelengths that are propagated over a shared, single optical waveguide 160 
according to a sixth exemplary embodiment of the present invention. The steps of 
method 1800 generally correspond to the optical network architecture 100F illustrated 
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5 in Figure 1 1 . 

Step 1803 is the first step in method 1800 in which first and second electrical 
broadcast signals corresponding to the first and second service providers 103 are 
generated. Next, in step 1 806, first and second digital electrical signals corresponding 
to the first and second service providers are also generated. 
10 In step 1809, the first electrical broadcast signals are offset relative to the 

second electrical broadcast signals by a predetermined frequency. Step 1809 
generally corresponds with the carrier offset system and method 11 00 A and 1100B 
discussed above with respect to figure 1 1 . 

In step 1812, a first analog optical carrier having a first wavelength is 
15 modulated with the first electrical broadcast signal. In step 1815, a second analog 
optical carrier having a second wavelength is modulated with the second electrical 
broadcast signal. 

In step 1818, the first and second digital electrical data signals are combined 

using a time division multiple access system or method (or both) 605 as discussed 
20 above. Alternatively, any equivalent system or method for combining digital 

electrical data signals could be employed. 

In step 1821, a digital optical carrier is modulated with the combined digital 

electrical data signals. This digital optical carrier can have an optical wavelength that 

is different that the analog optical carriers discussed above. 
25 In step 1824, the digital optical carrier can be propagated along a single optical 

waveguide 170. In step 1827, the first and second analog optical carriers can be 

combined at the data service sub 110 optical combiner or WDM 610. 

In step 1830, the combined analog optical carrier can be propagated along a 

single optical waveguide 160. In step 1833, the combined analog optical carrier can 
30 be mixed with the digital optical carrier at a laser transceiver node 120 that forms part 

of the proximate optical network 135. The combined optical carriers can be 

propagated over a single optical waveguide 150 towards subscribers having subscriber 

optical interfaces 140. 

In step 1839, the combined optical carriers can be split into a plurality of 
35 multiple optical carrier signals or the splitting can occur near the subscribers with a 

splitter 510 or optical tap 130. In step 1842, each set of combined optical carriers can 

be propagated over a single optical waveguide 150 towards individual subscribers 

having subscriber optical interfaces 140. 
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5 In step 1845, the digital optical carrier can be separated from the analog 

optical carriers with an optical diplexer 515. In step 1851, the desired digital 
electrical carrier can be selected by filtering packets. In other words, the processor 
550 of Figure 5 or other electronics (or a combination thereof) can select desired 
digital packets. 

10 In step 1854, the desired analog optical carrier can be selected by optical 

filtering. Step 1854 generally corresponds with the service provider selection device 
101 A as illustrated in Figure 11. In step 1857, a desired analog optical carrier can be 
propagated to an analog optical receiver. In step 1 860, a desired analog optical carrier 
can be converted into the electrical domain with the analog optical receiver 525. In 

15 step 1863, the electrical broadcast signals can be demodulated with a broadcast 
receiver 117 such as a subscriber's TV set. The process then ends. 

CONCLUSION 

In summary, a system and method for communicating optical signals between 
20 a data service provider and a subscriber is provided that can eliminate the effects of 
SRS when multiple data service providers are sharing a single optical network using 
optical carriers of different wavelengths. With the invention described above, analog 
optical carriers of different wavelengths can be propagated for large distances in an 
optical network in which numerous the optical carriers can be split several times. The 
25 inventive method and system can also support both analog and digital optical carriers 
in order to provide video as well as data services such as internet connections and 
telephone services. 

It is further recognized that these techniques could also be used by a single 
service provider to increase channel capacity. That is, instead of two service 
30 providers being present at the data service hub illustrated in the Figures, a single 
service provider could divide its services according to the described and illustrated 
architecture. 

It should be understood that the foregoing relates only to illustrate the 
embodiments of the present invention, and that numerous changes may be made 
35 therein without departing from the scope and spirit of the invention as defined by the 
following claims. 
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